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Should Nuclear Power Plants Be Built Now? 


CHAIN-REACTING SYSTEMS are of three types—designated according to their 
application. First is the power reactor, a high-temperature system for the 
generation of power. Second is the research reactor, designed for the pro- 
duction of nuclear radiations for laboratory and industrial purposes. Third 
is the production reactor, designed for production of the plutonium used in 
bombs. Reactors of each category can be distinctly different in design. 

About ten reactors are known to be operating in the United States. Not 
one of these is a power reactor. . 

As far as is known, the U. 8. Atomic Energy Commission at present is 
making no direct expenditures for power pile construction. Construction of 
the Daniels power pile at Oak Ridge has been abandoned. Brookhaven is 
building a low-temperature research reactor. Argonne is planning the con- 
struction of a high neutron-flux research reactor. The highly publicized Los 
Alamos fast research reactor represents no direct contribution to power devel- 
opment, and was not intended to. The low-temperature piles at Hanford, 
Washington, are designed solely for production of plutonium, with no thought 
of power generation. Little is known about the date set for construction of 
the General Electric power reactor, although G.E. is now initiating a program 
aimed at eventual power production. 

Furthermore, there is wide disagreement among U. S. scientists, engineers, 
armed services, industries and official policy makers as to whether construc- 
tion of nuclear power plants should be pressed or postponed. Since individual 
representatives of most of these groups are divided in their opinions, the 
conflict cannot be explained in terms of the special interests involved. 

A number of influential and highly respected nuclear physicists justify 
the delay in the construction of power reactors for the following reasons: 
1) The next few years should be devoted to the collection of fundamental 
experimental data and to the perfection of the theory of power reactors. 2) 
It would be premature at present to have our relatively limited number of 
experts concentrate on the engineering problems. 3) While it is conceded that 
engineers could undertake the immediate construction of many different 
kinds of power reactors, further development of the science of reactor design 
should precede expensive pilot plant experimentation. 4) The engineering 
knowledge to be gained by actually constructing the plants would not com- 
pensate for the diversion of money and men. 

In addition, certain physicists advance the quite defensible argument that - 
present nonmilitary expenditures of the U.S.A.E.C. should be used primarily 















for the construction of high-energy particle accelerators and other research 
facilities with long-range objectives. Most scientists accept, in principle, 
the soundness of the above viewpoints but, as will be discussed later, some 
prefer other approaches to the problem. 

It is well known that certain representatives of the U. S. Army advocate 
delaying power development on the grounds that it would divert talent and 
fissionable material from bomb production. A few important industrial 
executives are of the same conviction. Those engaged in the formulation of 
plans for international control of atomic energy by the United Nations, need- 
less to say, are not anxious to have the urgency of their problems heightened 
by the early appearance of nuclear power plants in many parts of the world. 
The danger of seizure and conversion to military uses has been strongly 
impressed on the world’s consciousness. 

Sharp rebuttals to the arguments backing the present “policy of post- 
ponement” are privately expressed by a mounting number of physicists, 
engineers, private companies, and Navy men. Scientists experienced in the 
development of nuclear reactors state that no major scientific problems stand 
in the way of power-pile construction. The remaining engineering problems 
have long been characterized and their solution could be bought for delivery 
at a specified date. Industry buys engineering development of this kind every 
day. This dissenting school of thought advances three major arguments: 


1. Generally speaking, it is convinced that unless power construction is 
immediately pressed the U. 8. will fall behind in the industrial-military 
applications of nuclear energy. And, it adds, delay in the development 
of economic nuclear power may result in curtailment of large-scale 
expenditures for fundamental research on the basis that some quarters 
might think the latter is an expensive luxury. 
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It is pointed out that a nation’s power is measured by its over-all techno- 
logical advancement and industrial strength. Economic nuclear power 
would result in a great decentralization of industry, increased industrial 
and agricultural production, and nuclear-powered submarines and air- 
craft. As a specific case for this general contention, considerable evi- 
dence and logic are often advanced to prove that decisive weapons in a 
future war would be nuclear-powered ships and submarines equipped for 
launching planes, rockets and atom bombs. 


3. It is claimed that, on the basis of the present and future national supply 
of fissionable material and technical talent, there should be no serious 
conflict between simultaneous programs for plutonium production, 
fundamental research, scientific and engineering study of reactors, and 
actual construction of power reactors. This claim is predicated on the 
efficient utilization of the resources in question. Its detailed justifica- 
tion also depends on an analysis of the economics of fissionable-material 
production and the technical characteristics of the self-regenerating 
pile—both highly secret subjects. 
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The relation between efficient utilization of U. S. technical and capital 
esources and immediate nuclear-power development has been the basis for 
riticisms of The Atomic Energy Act and of the U. 8. Atomic Energy Com- 
nission policies. It is charged, for instance, that a number of private power, 
hemical, and electrical companies, anxious to invest technical and adminis- 
trative resources in the development of nuclear energy, have been given insuffi- 
ient incentive to do so, and the legislation precludes terms good enough to 
varrant extensive private investment in the field. It is claimed that the 
esulting limited private participation in nuclear-reactor development has pre- 
vented the traditional productive interplay of engineering and scientific minds 
rom being sufficiently unleashed on the problems of nuclear power. 

An objective report on a highly controversial subject is extremely difficult, 
and it is not claimed that the arguments for both sides have been completely 
enumerated or fully presented. Secrecy prevents the public from drawing 
conclusions based on all the facts. 

As this editorial went to press, it was announced that the Atomic Energy 
Commission had named a special board of consultants, representing industry 
and industrial research, to speed up industrial participation in nuclear energy. 
This board will be cleared by the Commission for access to secret data neces- 
sary to their deliberations and recommendations. The U.S. Atomic Energy 
Commission sees clearly the problems posed by the existing conflict of opinions, 
and all evidence indicates that it is exerting great effort to resolve them in the 
best interests of world peace and economic progress. -W.M.D. 





TO SUBSCRIBERS 


Two major changes in appearance are made in this issue in response to reader 
suggestions: 

Type Size: Both spontaneous and survey reply letters from readers indicate 
our type size, originally chosen for compactness, did not lend itself to easy read- 
ing. ‘To improve its readability, the change immediately possible was to add 
space between the lines. 

Paper: Previous issues were printed on top-quality book paper, long-lasting 
and without glare. Many readers, however, seem to prefer more familiar maga- 
zine ‘‘ coated stocks,” like thisone. Reproduction of photographs is considerably 
better, but the paper is more brittle and has higher light reflectivity. 

Size, in accordance with overwhelming preference, will be maintained, as will 
the present textbook-type binding, which permits flat opening of the magazine, 
ease of page detachment and simple volume binding if desired. 

Several readers have suggested additional article subjects and fields. A num- 
ber of these were already a part of our editorial plan—some included in the 
October issue and others to come in this and subsequent issues. It is our inten- 
tion to maintain present high editorial standards, guided by the Editorial 
Board and your further suggestions. —The Publisher 
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RESEARCH WITH CARBON-14 


The first of two articles reviewing problems associated with 
the use of C'* tracers, including techniques for activity 
measurement, synthesis of labeled molecules, and appli- 
cations in organic chemistry, biochemistry, and physiology 


By WARREN W. MILLER and T. DUANE PRICE 


Department of Chemistry, Brookhaven National Laboratory 
Upton, New York 


THE GENERAL AVAILABILITY of pile- 
produced radioactive isotopes has caused 
both the popular and scientific press to 
publicize the importance of these sub- 
stances for research purposes. Almost 
unfailingly the example chosen to illus- 
trate the point is C™. 

Because of the very important role 
that is played by carbon in our physical 
and biological world, the outstanding 
importance of a radioactive isotope of 
carbon is readily seen. Here is pre- 
sented a tool by which, for example, 
one may trace through all its metabolic 
ramifications the utilization of organic 
material by biological systems. In 
the popular press, this possibility has 
been seized on and extrapolated until 
we are promised almost daily the im- 
minent discovery of the cause of cancer 
and the solution to the classical problem 
of photosynthesis. 


Applications Being Developed 

In practice, however, work with C' 
is not a great deal beyond the develop- 
ment of methods of application. This 
isotope does not lend itself to the 
dramatic demonstrations and easy 
detection methods that are possible 
with isotopes like radioactive iodine, 
such as the tracing of iodine from the 
digestive tract to the thyroid by map- 
ping the body with an external counter, 
Nor is it as simply adapted to research 
problems as is the well-known radio- 
active phosphorus. C' is available as 
barium carbonate, a substance with 
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almost no tracer interest, and the con- 
version of this substance into those that 
do have tracer interest is a whole field 
of study in itself. 

The physical characteristics of the 
radiation from C' place severe limita- 
tions on the conditions of measurement. 
Much effort has been spent in the last 
two years in the development of special 
techniques of measurement, and while 
this aspect of the over-all problem is 
somewhat more advanced than the 
synthesis of C'4-labeled molecules, final 
answers have not yet been obtained. 

It would not be well, however, to 
minimize the potentials of C'*,  Iso- 
topes are uniquely applicable tools for 
the study of complex systems, and the 
fields of organic and biological chemis- 
try offer many examples of very com- 
plex systems of carbon compounds. 
Certainly the greatest field of applica- 
tion of C™ will be in the study of 
problems of biochemistry and _ physi- 
ology. It may be expected that this 
tool will be applied in the near future 
to investigations of carbon systems 
with an effort that may be roughly 
predicted by weighing the importance 
of the work and uniqueness of the tool. 


Properties of Carbon Isotopes 
There are five isotopes of carbon 
now known. Of these, C'* and C™ are 
stable, with natural abundances of 
98.9% and 1.1%, respectively. The 
other three are radioactive. C!® and 
(" were discovered in the middle of the 
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activities induced in 


last decade as 
boron targets bombarded by protons 


yr deuterons in the cyclotron. C!° 
emits a positron of very high enetgy 
und decays with a half-life of a few 
seconds, much too short for it to find 
tracer application. C! emits a 
positron with an energy of 0.95 Mev 
ind decays with a half-life of 20.5 min, 
just long enough to be of some use as a 
tracer. This short half-life requires, 
however, that the work be done in the 
immediate vicinity of a cyclotron, and 
the problems that can be attacked with 
it are limited to those that can be car- 
ried through in less than a day. 


also 


Decay Must Be Considered 

Although very large quantities, of the 
order of hundreds of millicuries, can 
readily be induced in a boron target, 
this activity will decay away until only 
one millionth is left in a little under 
seven hours. Nevertheless, if there are 
10'' counts per minute measurable in 
the fresh target, seven hours later a 
sample containing only fractions of a 
per cent of the total may still be meas- 
ured with some precision, and some of 
the now classic work that has been 
accomplished with tracer carbon has 
been done with C", But, with the 
inherent restrictions that a cyclotron 
must be available in the immediate 
vicinity of the work and that the 
separation of the activity from the 
target, its incorporation into the com- 
pound to be studied, the carrying 
through of the tracer problem propef, 
and the final measurement must all be 
accomplished in less than a working 
day, it is doubtful that C" will find 
much more application now that C" is 
so generally available. The only ad- 
vantage it has is that, because of its 
energetic radiation, it readily lends it- 
self to simple methods of measurement. 

The existence of C™ was first estab- 
lished in 1940 (1). From principles 
of nuclear physics, it was assumed 
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probable that a radioactive isotope of 
carbon of mass fourteen should exist, 
and, prior to that time, it had been 
looked for several times but not found. 
Anyone of the nuclear reactions, 
C(d,p), N'4(n,p), or B''(a,p), pro- 
duces it. Using an internal source, 
screen-wall Geiger-Miiller counter, 
which was sensitive to very soft radia- 
tion and was developed by Libby and 
Lee (2), Ruben and Kamen were able 
to identify and characterize C™. 

The first two of the nuclear reactions 
mentioned above were also studied. 
There are several disadvantages asso- 
ciated with the first reaction. Since 
the activity produced is isotopic with 
the source material, it cannot be sepa- 
rated, and this lowers the 
potentially available specific activity. 
In addition, not only does the reaction 
take place with an isotope that is small 
in abundance, but the probability of 
reaction of the nuclear projectile, the 
deuteron, is abnormally low. Even 
with targets made of C'*-enriched 
graphite, Ruben and Kamen obtained 
only very small quantities of activity. 


greatly 


Cyclotron Free for Other Use 

An investigation of the second reac- 
tion showed it to be much more promis- 
ing as it allows by-product production 
of this activity while the cyclotron is in 
other use. A slow neutron has a rea- 
sonably high probability of reacting 
with a N' nucleus in its path. The 
product formed is nonisotopic with the 
target material and is consequently 
readily obtained in high specific ac- 
tivity. It is true, of course, that be- 
cause of their long half-life, a relatively 
large number of these new nuclei must 
be formed in order that there will be a 
sufficient number decaying over a short 
period for measurement purposes. 

Cyclotrons are not’ very efficient 
producers of slow neutrons, but Ruben 
and Kamen obtained quite appreciable 
quantities of C'™ by exposing large 











volumes of saturated ammonium nitrate 
solution for periods of months to the 
stray neutrons from the cyclotron and 
periodically aspirating off the gases pro- 
duced by decomposition of the solution. 
This carries off the C'* which is formed 
mainly as CO and CO;. Solid am- 
monium nitrate has also been used. 
A 100-pound lot which had been left 
stacked in one-gallon jars in out-of-the- 
way places around the M.I.T. cyclotron 
for about two and one-half years during 
the war, while the cyclotron was in 
fairly continuous operation, shows a 
C™ activity of about 500 disintegra- 
tions per minute per gram of ammonium 
nitrate. It has served as a very con- 
venient source of small amounts of 
activity for calibration purposes (3). 


Cyclotron Superseded by Pile 
Cyclotron methods of production 
were completely superseded with the 
advent of the chain-reacting pile. 
The same slow neutron reaction on 
nitrogen is used, but because of the 
much greater neutron density available 
in the pile, the production of large 
quantities of C'* does not require great 
effort (attested to by current prices). 
About a hundred thousand times as 
much C!* has already been produced 
and distributed- by Clinton Labora- 
tories as was ever made by cyclotron 
methods. One method of pile produc- 
tion has been described by Norris and 
Snel! (4). This is a cyclic process in 
which ammonium nitrate solution is 
circulated through the pile and the 
gaseous activity aspirated off by very 
much the same procedure that Ruben 
and Kamen used for a batch process. 

C™ is now fairly well known and 
characterized. It emits negative elec- 
trons, whose maximum energy is 0.154 
Mev (4), in a simple spectrum having 
no gamma rays, and decays with a half- 
life that is not known very accurately 
but is approximately five to six thou- 
sand years. It lacks ideality asa tracer 
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because of the low energy of its radia- 
tion. In many cases, this prevents the 
use of the more simple methods of 
mefsurement as it causes large fractions 
of the radiation to be absorbed both 
in the sample itself and in the windows 
of measuring devices. A feel for the 
physical magnitude of the energy of the 
beta particles may be had by realizing 
that it will be two-thirds absorbed in 
passing through a sheet of ordinary 
cigarette wrapper cellophane. 


Tracer Attributes Good and Bad 


There are both good and bad tracer 
attributes of its half-life. It is con- 
venient not to have to allow for decay 
during the course of an experiment, and 
this long half-life allows very lengthy 
and painstaking single experiments to 
be conducted. It also permits the use 
of a single reference source of activity 
as a working standard for the interrela- 
tion of different experiments done with 
different lots of activity on different 
instruments. A very valuable attri- 
bute is the fact that the stockpiling of 
compounds labeled with C" is possible. 
After the effort has been spent to obtain 
a labeled complex organic.or biological 
compound it will not be lost by decay. 

A disadvantage of this isotope, re- 
sulting from its long half-life, is that 
laboratories and laboratory animals are 
not self-cleaning. With an isotope like 
P32 (14-day half-life), animals which 
have been used for experimental pur- 
poses can again be used several months 
later after the retained activity has all 
decayed away. The same will be true 
of laboratory glassware. With the use 
of C'4, it will be necessary to observe 
precautions about active material in 
absorbed films on glassware, and ani- 
mals used once for experiments with 
this isotope will have to be considered 
critically when new work is planned. 

The C** distributed by the Clinton 
Laboratories has been produced, until 
just recently, only in the form of BaCO; 
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hich contains about one millicurie in 
me hundred milligrams and is priced 
t$50 perme. The isotopic abundance 
s about 3%. It has just been an- 
ounced* that methanol of the same 
sotopic composition is also available 
t $100 per me. The utility of a unit 
of activity such as one millicurie is 
very much a function of the method 
of measurement. 


Measurement of C's 

There are two general kinds of de- 
vices most frequently used for the assay 
of radioactive isotopes. These are 
ionization chambers and Geiger- Miiller 
counters. Both kinds demand some 
sort of associated instrument to convert 
the response of the device to an ob- 
servable parameter that is proportional 
to the amount of activity. There are 
several types of each kind of device and 
each has its particular field of applica- 
bility. Several which can or have been 
used for the assay of C'™ will be dis- 
cussed in turn. 

A Geiger-Miiller counter in series 
with a resistor between a source of high 
potential and ground responds to an 
ionizing particle in its sensitive volume 
by a sudden change in the voltage drop 
across it. The counter by itself, or 
with the aid of an associated circuit, 
then returns to its original condition. 

It is not the purpose of this paper to 
give extensive consideration to the 
nature of this process which has been 
considered in detail elsewhere (6). 
The significant point is that an ionizing 
particle once within the sensitive 
counter volume is detected by a voltage 
pulse, one for each particle. These 
pulses are fed to an electronic circuit 
which may respond to the rate at which 
the pulses arrive and give a reading 
proportional to that rate on a meter or 
recorder, as is the case with a counting- 
rate meter, or may integrate the number 





* See Nucieonics, p. 85, October, 1947. 
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of pulses by means of scaling circuits 
and mechanical counters. In this 
latter case, the total number detected 
and the time interval required for their 
arrival are read from the instrument 
and their ratio is the rate and the 
measure of the activity. 

For the detection of a radioactive iso- 
tope by this method, it is necessary that 
some portion of the path of the ionizing 
radiation occur within the sensitive 
volume of the counter. For energetic 
isotopes such as P*?, this presents no 
problem, but for moderately low-energy 
radiations, such as are emitted by C'* 
and §*5, it is necessary to devise suit- 
ably thin windows for the counter tubes 
or to put the activity within the counter 
as a gas. For the very low-energy 
isotopes, such as H*, only the latter 
technique is feasible. Both methods 
have been successfully applied by C', 
the former being more commonly used. 

For the detection of C'* external to 
the counter (usually as solid material), 
the end-window, bell-jar type counter 
is generally used. This frequently 
consists of a cylindrical cathode about 
1% in. in diameter and 2 in. long, and 
a coaxial wire anode. One end of the 
cylinder is closed with a thin mica or 
aluminum window. Through the other 
end are taken the electrical leads with 
a tubulature for pumping and filling. 
Counters of this general design are 
marketed by several manufacturers. 


Radiation Factors to Consider 


Before consideration is made of 
methods of preparing samples contain- 
ing C'™ for assay with counters of this 
type, it is desirable to consider the 
limits that are set by the nature of the 
radiation and within which one must 
work. Such factors as the absorption 
of the radiation in the counter window 
and in the sample itself may be roughly 
approximated to obtain an estimate of 
the fraction of the activity that is 
countable under given experimental 
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conditions. The limits of applica- 
bility of those conditions are then 
determinable. 

It is observed that, under certain ex- 
perimental conditions, the absorption 
of beta rays in matter is approximately 
exponential, over a large fraction of 
their range, and that if the thickness of 
the absorbing material is expressed in 
units of weight per unit area, the ab- 
sorption coefficient, defined by the 
familiar exponential absorption law 
I/I, = e-™, is nearly independent of 
the nature of the absorbing material. 
An expression for the self-absorption 
of the radiation, based on these experi- 
mental facts, can be readily derived 
(7). This may be applied to experi- 
mental data for the determination of 
the mass absorption coefficient or, with 
the coefficient known, for the correction 
of counting data for sample thickness. 


Libby's Constant Re-evaluated 
Libby (8) recently 
treatment of soft beta emitters by in- 
troducing the approximation that the 
product of the absorption coefficient, 
a, and the maximum range, r, is a con- 
stant. He derived a general expression 
for the self-absorption curve of soft beta 
emitters homogeneously distributed in 
thin flat plates: 
I ] — e ers 


I 0 - arr 


extended the 


I/I is the potentially countable frac- 
tion of the radiation that escapes from 
the plate, (ar) is Libby’s constant and 
z is now the thickness of the plate ex- 
pressed in units of fractions of a maxi- 
mum range r. The constant (ar) was 
evaluated to be 5 in Libby’s paper, from 
data on S* that is no longer acceptable. 
It is now 8 as re-evaluated from data 
taken on C'', with r as 25 mg/cm? and 
a as 0.32 cm?/mg. 

With the two expressions above, some 
estimation can be made of the effect 
on counting efficiency of the geometry 
of the sample and its relation to the 





counter. For a thin, flat sample close 
to the window of an end-window coun- 
ter, the closer the sample is located, the 
better will be the counting efficiency. 
A l-cm distance is usually the closest 
convenient position, and the reproduc- 
ible positioning of the sample at this 
distance is quite critical since variations 
in distance of fractions of a millimeter 
can give variations of several per cent 
Then, 


of course, for a given weight of sample, 


in the observed counting rate. 


the larger the area over which it is 
spread the smaller the fraction of the 
radiation that will be self-absorbed and, 
what is more important, the less 
critical is the lateral positioning of the 
sample. This is caused by the large 
drop in the geometrical efficiency with 
increasing radius. For this 
same reason, a greater over-all efficiency 
is obtained by making the sample diam- 
less than the counter 
window diameter, and for a counter as 
described, 2 em is about representative. 


Over-all Efficiency One Third 


These relative sizes and positions of 


sample 


eter somewhat 


sample and counter give a geometrical 
factor in the over-all efficiency of about 
one third. For mica-window counters 
of this type, 2.46 mg/cm? is about as 
thin as is practical and this, with the 
1 mg/cm? that is represented by the 
1 em of air path, will transmit only 
about one third of the incident radia- 
tion, as may be calculated from the 
absorption formula above. These two 
factors then limit the counting efficiency 
to about 10% for a sample thin enough 
to have zero self-absorption. 
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: . 1l-—-e«* 
From the expression ——s——> the 
8x 


fraction of the total activity that es- 
capes from samples deposited over the 
x cm? sample area can be calculated. 
In Table 1 are tabulated the values of 
this for several different amounts of 
carbon taken as BaCO; or as a hypo- 
thetical compound containing 50% 
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To obtain the over-all counting 
it is necessary to multiply 

the factor 0.1 for 

ceometry and window absorption. 

The points most immediately evident 
ere are the strong dependence of the 
ounting efficiency on sample weight 
nd the advantage to be gained if the 

sample material can be rich in carbon. 
This table also makes evident the 
necessity of even deposition of sample 
f one notes the variations of efficiency 
caused by variations in the 
sample thickness. It should be empha- 
sized that this method of calculating 
the counting which is in 
effect an attempt to correct counting 
rates to absolute disintegration rates, 
is only an approximation and neglects 
several important factors, among which 
are the back-scattering from the sample 
mounting material, the obliquity of 
path of the beta particles in air and 
window, counter edge effects, etc. * 

On the basis of this discussion, the 
question of preparing and mounting 
solid samples for measurement may 
now be considered. As yet, a detailed 
treatment of this topic has not been 
published but the general considerations 
Kamen (9) has 


rbon. 
ficiency, 


hese values by 


that will be 


efficiency, 


are readily apparent. 
method of handling 
found in a chapter by 


* Discussions of the 
counting data will be 





4. F. Reid, Detection and Measurement et 
Radioactive Tracers, in D. Ww. Wilson, A. O. 
Nier, and 8. P. Reimann, ‘‘ Preparation oa 
Measurement of Isotopic Tracers" w. 
Edwards, Ann Arbor, Mich., 1946). See also 
M. D. Kamen, (9). 

TABLE 1 


Activity Escaping from Sample 





mg/cm? Activity Activity 

mg C as50% C escap- mg/cm? escap- 
in com- ing, as ing, 
sample pound I/Io BaCO3z I1/Io 
0.5 0.32 0.95 2.6 0.68 
1.0 0.64 0.90 5.2 0.49 
2.0 1.3 0.82 10. 0.29 
5.0 3.2 0.64 26 0.11 
10.0 6.4 0.43 52. 0.06 
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outlined one method whose workability 
has been demonstrated but if appears 
somewhat tedious, and Henriques (7) 
has described a sample mounting tech- 
nique for S*, precipitated as benzidine 
sulfate, that readily ap- 
plicable to C™. 


should be 


Chemical Activity Form 

For work of the greatest precision, 
it is necessary to adopt a single chemical 
form of the activity of all measurements. 
Since the only generally available com- 
pound into which most other forms of 
carbon may be readily converted is CO., 
this means a combustion or Van Slyke 
wet oxidation of the sample material 
with the subsequent precipitation of the 
evolved CO, as a carbonate (such as 
BaCO;) has to be used. One common 
technique with the BaCO; thus obtained 
is to resuspend the carefully dried and 
ground material in a nonaqueous me- 
dium like alcohol and to allow it to 
settle over an area of a metal plate 
defined by cylindrical walls, decanting 
and drying. The amount of material 
being counted can be obtained by 
weighing. This is probably the method 
amenable to the greatest precision. 

Alternatively, the BaCO; may be 
drawn through an Allihn-type filter 
and deposited on filter paper, where it 
may be rinsed with alcohol and dried. 
Care must be exercised as BaCO; tends 
to climb the walls of the filter and may 
crack badly on drying. A convenient 
method of mounting the samples is to 
press the still moist filter papers onto 
metal disks coated with rubber cement 
thinned to about one half. These two 
methods will not be interchangeable 
because of the difference in the amounts 
of back-scattering from the mounts, 
and it is for this reason that the backing 
of all samples must be the same. Some 
increase in the counting efficiency may 
be gained for thin samples by choosing 
a high atomic number material for the 
mount, but aluminum plates are light 
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and readily handled on the balance 
while glass has the advantage of being 
easily cleaned. 

At some sacrifice in precision, many 
simplifications may be made in mount- 
ing techniques. In organic chemical 
and biological work, where the atomic 
species in the material are all of low 
atomic number, it could be measured 
in any convenient form as long as it is 
nonvolatile, the area and weight of the 
sample is known, and a reasonably re- 
producible deposit is obtainable. Sam- 
ples of this type may have the enormous 
advantage of a relatively low equivalent 
weight for carbon, compared to a sub- 
stance such as BaCOs, and thus a much 
lower self-absorption. 


Evaporation Technique 

A recently reported technique (10) 
that should be very valuable in obtain- 
ing a reproducible deposit from mate- 
rials in solution is to evaporate the 
sample down in a small dish and then 
absorb the last few drops in a circle 
of lens paper, after which the dish is 
desiccated to dryness. The sample 
weight for self-absorption correction 
then will have to include the weight of 
the lens paper, but this is a small 
sacrifice if it obviates the difficulties 
that can arise in obtaining even de- 
posits. Other obvious and simpler 
methods, involving greater loss of pre- 
cision, include the simple mechanical 
spreading of solid material over a 
scribed area and the compacting of 
solid material into small flat dishes. 

In all of the above methods, it is 
necessary to work from an empirical 
salibration curve for self-absorption. 
This is usually best obtained by the 
preparation of a series of samples all 
containing fixed total amounts of ac- 
tivity in a variable amount of sample, 
by the method chosen. These samples 
are counted, the counting rates plotted 
as a function of weight of sample, and 
a smooth curve drawn through the 
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From this plot, a table or plot 
of self-absorption correction factors 
xan be obtained. The curve of count- 
ing rate versus sample thickness can be 
extrapolated back to zero thickness and 
factors obtained that will correct all 
samples to zero thickness. However, 
it is probably more accurate to choose 
a sample in the center of the range of 
thicknesses measured and adopt this as 
a standard, as was done by Henriques 
(7). This will give factors that will 
correct the counting rate on thin 
samples downward to what it would be 
if the samples were of the standard 
thickness. 

There is no difference in theory in the 
two methods of correction, but the 
latter is the more reliable from an ex- 
perimental point of view. The other 
general method of obtaining a correction 
curve from a series of samples of fixed 
specific activity and variable weight 
will be somewhat less reliable since 
it necessitates extrapolating a curve 
through the least reliable points to 
obtain the slope at the origin. 


data. 


Activity Inside Counter as Gas 

The second method for using a 
counter for C'™ is to put the activity 
inside the counter as a gas. Counter 
tubes can be designed so that only a 
small fraction of the total sample is not 
within the active volume of the counter. 
Since virtually every disintegration of 
a C™ nucleus will produce a particle 
with enough energy to cause some ioni- 
zation of the gas and since the proba- 
bility is almost one that a few ions 
within the active volume of the counter 
will cause a count, this method will 
show a very high efficiency. 

A measurement procedure involving 
the pumping and filling of counter tubes 
with the sample as the counter gas is 
generally considered rather unsatis- 
factory. On any account, the only 
generally available gaseous compound 
of carbon into which material contain- 
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ig C™ could be converted for measure- 
vent is CO,, and this substance is 
known to be a very poor counter gas 
y itself. The bad reputation of the 
general procedure of using counter 
ubes in this manner seems to be based 
m experience gained with tritium. 
The complaints are concerned mostly 
with memory effects inside the counter. 
This is as might be expected, because 
tritium in the form of THO will be 
strongly absorbed by glass walls, and 
in the form of TH is capable of dissolv- 
ing in many of the metals used for 
counter cathodes. 


Second Component Added 

CO, shows neither of these effects 
ind a system of measurement of C' 
as COs, counting it as a gas within a 
counter tube, has been recently worked 
out (/7, 12). The counter filling is 
given the necessary properties of a 
counter gas by the addition of a second 
component to the filling gas. By 
means of this system, any amount of 
carbon between 0.1 and 10 millimoles 
may be taken as a sample and meas- 
ured without partition or dilution as 
long as the activity is less than approxi- 
mately 15,000 cpm and has an over-all 
efficiency of around 80%. Experience 
has been sufficient to show this method 
about as rapid and reproducible as 
solid counting techniques when working 
at comparable ratios of activity to 
background under the given counting 
circumstances. Material possessing a 
specific activity too low to be measur- 
able by solid counting methods can 
show quite high activities in a gas 
counter because of the large increase in 
efficiency as well as its capacity for 
measuring much larger samples at this 
high efficiency. Individual counter 
tubes have a sample size range, or 
operating pressure range, of a factor of 
ten, and the counter tubes themselves 
may cover a volume range of about 
ten. For convenience of measurement, 
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it is desirable to use the largest available 
sample in the smallest possible counter 
that will hold it to obtain both a high 
activity-to-background ratio as well as 
a large counting rate. These factors 
shorten the time for measurement to a 
given precision. 

This method has its disadvantages as 
well as its advantages. The sample of 
material to be measured is destroyed 
in the conversion to COs, an operation 
not necessary counting solid 
samples, except when the best precision 


when 


of sample geometry is necessary for 
high reproducibility of measurement. 
Counter tubes filled with CO, show a 
much higher threshold voltage than is 
found with most other counting gases, 
and, in order to operate the counter at 
a relatively high pressure, it is desirable 
to work with counters having thresh- 
olds as high as 4,000 volts. A sta- 
bilized, high voltage supply of this 
size adds little to the complexity of the 
circuit, but it is not available in com- 
mercial instruments. 


Method Uses Vacuum Techniques 

Another objection sometimes raised 
against this method is that it demands 
the use of vacuum techniques for filling 
the counters. Although the method 
thus depends somewhat upon the ex- 
perience of the individual, it is hardly 
more involved than the operation of 
the combustion train for obtaining 
the CO,. Also, such techniques are 
being used more frequently in all types 
of research laboratories. . It is less 
trouble to transfer the CO, once ob- 
tained into a counter tube than it is to 
convert it to BaCO; and precipitate it 
reproducibly for solid counting. 

As mentioned earlier, the second 
general type of measuring device used 
for C™ is the ionization chamber. 
Essentially this consists of two elec- 
trodes in a gas-filled volume with a 
difference of potential between them. 
An ionizing particle that enters the 
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volume between the electrodes dis- 
sipates its energy by collisions with the 
gas molecules, forming a number of 
ion pairs in the gas proportional to 
the energy lost. These ion pairs in 
turn drift, under the influence of the 
electric field gradient between the elec- 
trodes, and are collected on the latter. 
The net small change 
in charge on the electrodes. This may 
be detected in the associated measuring 
instrument as a small current or change 
in voltage. 


result is a 


Range of Beta Particles Small 

The magnitude of the effect to be 
observed can readily be calculated from 
a known amount of C" activity by 
making the simplifying assumptions 
that the total energy is dissipated 
within the volume between the elec- 
trodes and that there is no recombina- 
tion of ions. This means that the gas 
pressure is sufficiently high so that the 
range of the C' beta particles is small 
compared to the dimensions of the 
active volume, and that the voltage 
across it is sufficient to promptly 
separate the ions formed. From the 
fact that the average energy of the 
C'* beta particle is 50 kev, that about 
30 ev are lost per ion pair formed, that 
one elementary charge is 4.8 x 107!° 
esu, and that one ampere is 3 X 10° 
esu/sec, it can be calculated that 100 
C' disintegrations per minute (dpm) 
will give a current of 4 X 107'® am- 
peres, and, under practical circum- 
stances, will be somewhat smaller 
because of recombination and _ wall 
effects. For the detection of currents 
of this magnitude and larger, the 
ionization chamber is connected to 
some type of electrometer circuit, 
whereas electroscopes may be used at a 
somewhat lower range of sensitivity. 
Representative of the electrometers 
applicable are the recently developed 
dynamic condenser electrometer, quad- 
rant electrometers such as the Linde- 
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mann, and vacuum tube electrometer 
circuits. * 

The electroscope most applicable to 
measurements of C' is the Lauritsen 
The sensitive element of this is a fine, 
gold-coated quartz fibre which is de- 
flected away from a repelling post by a 
charge impressed upon it. The restor- 
ing force is due to the bending of the 
fibre. Quite inexpensive, rugged, and 
simple in operation, its application to 
the measurement of soft electrons has 
been thoroughly studied by Henriques 
and co-workers (7, 13). For the meas- 
urement of solid samples containing C', 
its use will be very similar to the use of 
a counter except that samples may 
readily be placed within the case, 
thereby avoiding absorption of the 
radiation in windows. Conditions of 
measurement of S* in solid samples 
were worked out by this group and 
comparison with a thin-window counter 
showed that these two methods have 
about the same sensitivity, in addition 
to having the same self-absorption 
problems. Since the radiation charac- 
teristics of S** are very similar to C™ 
the same results with the latter isotope 
may be expected. The use of this in- 
strument for the measurement of C!* 
as CO, in a quartz flask ionization 
chamber were also studied and the sys- 
tem proved to be quite sensitive and 
highly reproducible. 


Use of Electroscope Tedious 

The use of an electroscope, however, 
is tedious and one sample monopolizes 
the instrument over long periods. 
From the data available in the various 
papers, some of the measurement 
parameters can be estimated. Back- 
ground is given as 0.07 scale divisions 


per min. With a capacity of 0.5 cm 


* An extensive treatment of the theory and 
use of electrometers and electroscopes will be 
found in J. Strong, “Procedures in Experi- 
mental Physics’ (Prentice-Hall, Inc., New 
York, 1938). 
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juiring a potential of 1 statvolt for 
ill-seale deflection (100 div), 100 dpm 
{ C' will give a pointer drift of about 
015 div/min above background, and 
two-hour reading would be necessary 
to measure this amount of C™ to 10% 
ceuracy if the scale is read to 0.1 div. 
This estimate is based only on consid- 
erations of reading pointers and neglects 
the additional error introduced by the 
statistics of activity and background. 
Only a limited amount of experience 
has been had with the use of electrom- 
eter circuits connected to ionization 
chambers for measurements of C!* as 
a gas under low-absorption conditions 
14, 15), and it is apparently a com- 
plex problem to attempt to calculate 
the circuit sensitivities. It has been 
reported that the Lindemann and 
vibrating reed electrometers, with an 
ionization chamber of 100-200 ce 
volume, have a background current of 
about 1-4 X 10-'® amperes, equivalent 
to about 100 dpm of C'™. 


Can Handle Large Samples 

An important point in connection 
with the use of ionization chambers for 
the measurement of C' samples as a 
gas is their capacity for handling very 
large samples. This can be very 
valuable for the measurement of mate- 
rial with a low specific activity if there 
is sufficient sample available. Use of 
a larger sample greatly increases the 
precision and shortens the time of 
measurement. The response of the 
ionization chamber is highly pressure 
dependent and an operating pressure 
must be fixed as standard. It is con- 
venient to choose a high pressure for 
this as samples may always be brought 
up to size by dilution with inert mate- 
rial. At atmospheric pressure, a 250- 
ce chamber will hold 120 mg of carbon 
as COs. 

Henriques worked at two atmospheres 
with a chamber of about this size, 
diluting his samples of CO: to 20 milli- 
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moles. However, it has been reported 
that evacuating ionization chambers 
for filling may induce strain currents 
of the order of 10-'* amperes in the 
insulators and it may be expected that 
filling to a high pressure would do the 
same. A second advantage that should 
inhere is the ready intercalibration of 
the ionization current for different fill- 
ing gases, which makes it unnecessary 
to combust the samples to CO, if the 
activity to be measured is already 
gaseous. 


Problem Factors Determine Method 

It is not possible to evaluate the 
various methods of measurement on 
an absolute basis for their application 
to C'™ measurement because of the 
numerous factors that apply and the 
separate needs of different problems 
that exist. These include the sim- 
plicity of operation, ultimate sensitivity, 
sample size range, and general flexi- 
bility of application. The biologist 
who must measure the total activity 
of gram samples of excised tissue has 
a problem in which the capacity to 
handle large samples with reasonably 
high sensitivity is necessary. The 
biochemist working with milligrams or 
less of purified compounds laboriously 
isolated will have small, very valuable 
samples he would not want to destroy 
for measurement, and will desire good 
sensitivity only when large dilutions are 
to be met. The organic chemist 
studying mechanism will have no par- 
ticular need for sensitivity and can 
adopt the simplest possible method. 

Table 2 is an attempt to bracket the 
ranges of applicability of the various 
methods. In general, solid counting 
methods with end-window counters will 
be the most readily undertaken if 
their sensitivity range is sufficient, while 
the choice between gas counting and 
gas ionization chamber methods for 
greater sensitivity will depend on the 
personal inclination of the individual 


13 











and the available. Gas 
counting is probably more simply set 
up and the equipment for it is more 
readily familiar, but 
the greatest precision and absolute sen- 


sitivity can probably be obtained from 


equipment 


available and 


modern ionization chamber methods. 
The parameter chosen to evaluate 
the sensitivity is that activity of C' 
in disintegrations per minute which is 
estimated to be equal to the background 
of the measurement instrument under 
the circumstances. It is chosen as a 
practical measure of the 
and neglects the fact that 
differences in the nature of the back- 
and 


sensitivity 
there are 


grounds of counters ionization 


chambers. For counters, the time 


necessary to measure a sample to a 


to collect sufficient counts to bring the 
statistics to a given value. It will be 
noted from the table that this time, for 
a sample with a prescribed observabl« 
counting rate, is determined only by 
the value of the background, and is 
quite different from the time necessary 
to measure a sample of a given total 
activity to the same error. The time 
estimate assumes that the background 
is accurately known and the time is 
that alloted to the sample itself. This 
is generally the case as it is usually 
sufficient to measure background once 
or twice a day. 

The question as to which of the 
various methods will have the greatest 
absolute sensitivity is one about which 
there has been some debate and the 
choice is limited to gas counting or the 














TABLE 2 
Applicability of Measurement Devices 


Activity equal to background 100dpm 

















Time Time 
Maximum for i5b% for5% 
useful dpm measure- measure- 
sample Background Sample per ment ment 
Method (mg C) (cpm) (mg C) dpm mg (min) (min) 
Solid count- 30 (as empd., 20 1 200 200 40 140 
ing, end- 50% C) 20 10 450 45 40 530 
window 5 (as BaCQOs;) 20 0.5 300 600 40 230 
counter 20 5 2000 400 40 7000 
Gas counting 10 20 1 25 25 40 6 
as CO2 25 50 10 60 6 16 7 
100 150 100 160 1.6 5 12 
Gas ioniz. 250 4 X 107!* amps 10 100 10 ° ° 
chamber 4xX10°-'%amps 250 100 0.4 
electrometer 
Gas ioniz. 250 0.07 div/min 10 500 50 45 130 
chamber 0.07 div/min 250 500 2 45 130 
Lauritsen 
electroscope 


* These cannot be calculated, but some available data indicates that activities of a few times 
background may be measured to less than 5% in about an hour. 

Data for a family of counter tubes is reported because it demonstrates the flexibility of the 
method and the data are known. A family of ionization chambers could also be used (14). In- 
creasing the size of end-window counters will not change the sensitivity greatly because the back- 
ground will increase about the same as the window area. It will shorten the time of measurement 
at the expense of increased difficulty of preparing samples of larger area. 
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nost sensitive electrometer methods. 
In theory, counter methods have the 
idvantage for two reasons. With an 
ionization chamber, one measures the 
‘+hange in charge on a capacity. There 
is a limit to the amount of charge and 
thus a limit to the time that can be 
spent in the measurement whereas, 
with a counter, the precision of the 
number is proportional to the square 
root of the time spent, without limit. 
More important is the fact that a 
counter has the same response to all 
events and the standard deviation of 
the number is simply the square root 
of that number since they follow a 
Poisson distribution. 


Particle lonization Significant 

On the other hand, ionization cham- 
bers weigh each event according to the 
specific ionization of the particle. It 
has been shown for ionization chambers 
(16) that the standard deviation of the 
number obtained is equal to the square 
root of the sum of the number of events 
of each kind times the square of the 
ionization contributed by each event 
of that kind. Ionization chambers al- 
ways have a component of their back- 
ground caused by a particles from the 
walls. Because of the very high specific 
ionization of these particles, they can 
readily be the dominant factor in the 
fluctuations of the background and 
thus impress on the measurement of a 
large number of particles the large 
standard deviation of a small number 
of particles. 

For instance. if we consider only the a 
background and measure 100 C" #’s per 
minute in a chamber emitting 0.2 a’s per 
minute for thirty minutes, we will have 
collected 3000 §’s and 6 a’s and the rate 
is 100 8/min + 1.88/min + 0.08 a/min. 
Since the total number of ions contrib- 
uted to the current from an a particle is 
about a hundred times as great as from 
a 8 particle, the above answer is known 
only to 10%. This factor has been sur- 
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mounted in electrometers with record- 
ers, as the particles are individually 
detectable and may be subtracted out 
completely. In most work, this debate 
about ultimate sensitivity is hardly 
germane as it is seldom necessary and 
indeed seldom possible to operate an 
instrument at the absolute limit of 
sensitivity over long periods. 

A third method of detection of radio- 
isotopes of somewhat more limited 
application but giving information 
on isotope distribution directly is the 
radioautograph technique. This is one 
of the oldest methods of detection of 
these radiations. It will be remem- 
bered that the self-radiation of uranium- 
containing materials was first discovered 
inthismanner. It has been extensively 
applied to the study of such problems 
as the distribution of P*? in plants and 
of I'*! in normal and abnormal thyroid 
tissue. Its use has generally been with 
the more energetic radiators. A rough 
rule is that 10° 8/cm? of film will give 
a detectable blackening and 5-10 times 
more will give a good image (17). The 
applicability of this method to C'* has 
been studied by Grosse and Snyder 
(18). Only total number of emissions 
and not the number per unit area of 
film were given but it may be inferred 
from the data that from 5-10 times 
more activity of this low energy is 
necessary than for the more energetic 
emitters. A print of the distribution 
of activity in a leaf exposed to active 
CO: was obtained by these authors. 


Organic Synthesis 

Probably no factor concerned with 
the use of C' as a tracer has proved 
to be more of a stumbling block than 
the synthesis of labeled molecules. 
The interest in C' is generally asso- 
ciated with the tracing of a molecule, 
or a particular fragmenf of a molecule. 
The problem faced is that of synthesiz- 
ing the appropriate molecule from the 
available starting materials that con- 
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tain C', 
such as thryoxine is one thing, but its 
synthesis in such a manner that activity 
appears in a specified position, as in 
one of the benzene rings, is an entirely 
different and more complex problem. 

It is also generally true that the 
individual to whom the metabolic 
processes involving thyroxine are of 
most interest, and who would wish to 
take up such a problem, is not par- 
ticularly interested in, or familiar with, 
the synthetic work. It is very im- 
portant that good synthetic organic 
chemists, capable of synthesizing com- 


The synthesis of a compound 


plex organic compounds from specified 
simple one or two-carbon intermediates, 
be made cognizant of the need for the 
development of new procedures and 
techniques to these through. 
The problems encountered are analo- 
gous to the familiar puzzles of sophomore 
organic chemistry in which the student 
is asked to devise pencil and paper 
synthesis of complex substances from 
limestone, coal, and water with much 
more than purely academic justification 
of the results. 


carry 


Synthetic Intermediates 

It has already been noted that pres- 
ent pile production methods result in 
the formation of BaC'O,; as the pri- 
mary C' compound in marketable 
form. Since only small 
(1 me batches corresponding to ca. 0.6 
mmole) are available to most author- 


quantities 


ized requestors, and since BaCO,; is 


often an inconvenient intermediate 
for small-scale synthesis, preparation of 
compounds needed for experimentation 
presents a formidable problem. Re- 
cently the Isotopes Branch of the A.E.C. 
announced the proximate availability 
to research institutions of C'H,OH. 
Preparation and sale of two other very 
important C!“labeled intermediates, 
sodium formate and barium carbide, 
has been predicted by the A.E.C. (19). 

In an effort to ascertain research 
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needs for C'*-labeled intermediates, the 
A.E.C. recently conducted a survey (20) 
among those institutions already desig- 
nated as approved requestors. Results 
of the survey, which will be published 
in connection with the second article 
of this series, indicated strongly the 
desirability of producing fairly large 
amounts of certain C'* intermediates in 
specially equipped central laboratories. 
While it now appears that a limited 
number and quantity of C!* synthetic 
intermediates will become available 
through the A.E.C. and some industrial 
concerns, it is fairly certain that many 
investigators will still be starting their 
preparations with BaC'O;. For this 
reason, procedures which have 
used for synthesis of the more common 
labeled = with 
carbon will be reviewed. 


been 


intermediates isotopic 


Synthesizing Procedures 

Several papers besides the A.E.C, 
survey have reviewed, in varying de- 
tail and scope, the general problems of 
synthesizing organic compounds labeled 
with isotopic carbon. Kamen (9) has 
reviewed the more important syntheses 
involving C'!, and some of these are 
sufficiently quantitative for application 
withC', The “Report of a Symposium 
on the Use of Isotopes in Biological Re- 
search”’ (10) and ‘‘The Synthesis of Or- 
ganic Compounds Labeled with Isotopic 
Carbon” (21) cover many syntheses of 
carbon-labeled compounds, with the 
latter giving detailed procedures for the 
synthesis of seven labeled compounds. 

C'“H;I. The ability of this com- 
pound to be quantitatively converted 
into C4H;MgI, methyl Grignard re- 
agent, accounts primarily for its pre- 
eminent importance in syntheses in- 
volving labeled carbon. This methyl 
Grignard reagent reacts in good yield 
with innumerable electrophilic atoms 
such as the carbon of carbonyl groups 
(COs, ketones, aldehydes, substituted 
amides, esters, and other acid deriva- 
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tives, ete.) ethylene and other oxides, 
halogens, oxygen and acidic hydrogens. 
rhe halogen of the methyl halide itself 
can be displaced by many strongly 
basic or nucleophilic groups such as 
yanide, malonate and alkoxide ions. 
{ summary of the products readily 
formed from the more valuable C™ 
intermediates is presented in Table 3. 

The literature records several meth- 
ods for preparing CH;I with isotopic 
Harman, Stewart and Ruben 
22) synthesized C"'H;I by a method 
involving bacterial reduction of CO, 
to HC“OOH, to methyl 
formate, hydrogen reduction to meth- 
anol, and treatment with HI. This 
process appears to provide too low 
yields and excessive dilutions for prac- 
tical use with C'™. It has the advan- 
and operable at 


carbon. 


conversion 


tage of being fast 
atmospheric pressure. 
Tolbert (23) has recently synthesized 


CMH, I 


method. 


using a direct, high-pressure 
His reaction sequence was as 


follows: 


Cone 
BaC 4O > CHO, 100% (1) 
1.80.4 
460 Atm. 
CMO, + 3H. > 
285°, Cat. 


C'4H,OH + H,O 
I, + red P 


80-90% (2) 


C'H;,OH CHI 


95-100% (3) 


An overall yield of 80.7% 
CO, was obtained. 


based on 
This appears to 
be an excellent method where relatively 
large amounts of C™QO, are available 
(or where appropriate dilution is prac- 
ticable). Very high pressure and vac- 
On the 
basis of yields with a 15 mmole run, it 
is suggested that runs with smaller 
batches are possible. 

Melville, Rachele and Keller (24) re- 
cently prepared C'H;,I using the fol- 
lowing reaction sequence, wherein the 
maximum pressure required is 100 atm. 
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uum techniques are required. 


HCIO, KOH 
BaC*O; ——> C“O, ——> 


KHCO; (4) 


(CH) 2804 
+ 


HC“OOCH; (5) 


100 atm He: » 
—$——— HC“OOK 





He 


Cu, CrO; 


HI 
C4H,OH — CHI (6) 


These workers state that a yield of 
90-100 % is realized in each step. How- 
ever, the overall yield given is based on 
activity in methionine subsequently 
produced from the C'*H;I. Since an 
approximate 98% yield of potassium 
formate is attained, and since conver- 
sion of the latter to C'H;I occurs in 
83% yield, an approximate 80% over- 
all yield of CH;I would be expected. 
The initial amount of C'™O, used in 
these preparations was only 0.77 mmole 
and the reactions up to the methylation 
stage were conducted on this scale. 
However, since a 10-fold product ac- 
tivity dilution was desired, and since a 
two-fold dilution occurs automatically 
in the ester reduction, a five-fold dilu- 
tion was accomplished by addition of 
nonradioactive HCOOK. 

HCN. This is another of the most 
important C'™ intermediates. The cy- 
anide ion reacts as a strongly basic 
agent to displace a weaker base, usually 
halide. The resultant nitrile can then 
be readily converted to an amide, acid, 
etc. Aromatic amines react with KCN 
through a diazonium salt intermediate. 
Many sulfonates, on pyrolysis with 
KCN, give the corresponding nitrile. 
An aromatic halide which resonates 
strongly to place a plus charge adjacent 
to the halide can react with cyanide to 
undergo halide replacement. 

Several methods for preparation of 
HC'N using C™O, have been ex- 
haustive tested by Loftfield (25). ‘The 
only procedure giving consistently good 
results was that of Delbruck (26) 
which was applied in the synthesis of 
HC™N by Cramer and Kistiakowsky 
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TABLE 3 
Utilization of C'‘-labeled Intermediates 
Inter- Main Easily Obtained i 
mediate Reactants Method Main Product Secondary Products ; 
CHO, RX Grignard RC“OOH Acid derivatives, re ( 
oX a COOH duction products and 
their derivatives, 
CH;C'“OCHs, 
CH;C¥OCH2C4O0C:H 
Zn CuO CHOCIs, C4O(OC2H 
Mg Reduction BaC '*, HC4=C4H, 
C4H;CHO, 
C'4H;C4HOHCOOH, 
C“H;C4OCOOH, 
CIHC'4=CHHCl, 
H.C'—CHI 
K, SiOz Reduction HOO™CC'“OOH @CH(C4OOC2H 5) 2 
— K, NH; KCUN 
o@3C Na, and o3CC4OOH Acid derivatives, re- 
similar metal duction products and 
derivatives their derivatives 
NH; H:2NC“ONH2 H2NC4O0OC2H; 
He C4H;OH 3 
NaOH, H: HC4OOH HC“OOCHs, 3 
Pd C™4H;OH, H.C'#40 5 
Bacteria, Biological All abundantly occurring biological com- s iH 
plants, tissue ponents, including those below I $ k 
cultures C4H;COOH 3 
HOOC14(CH:)»C“OOH 3 
Glucose : 
HCOOH 
CHI COz Grignard CuUH;COOH Acid derivatives and 
reduction products, 
C“H:NH2COOH, 
C4H2(COOC2Hs).2, 
C4H;COC'H2COC2H; 
Water CH, ' 
HC =HMgBr HC =C—C"H; 
CuHsI R.C=0O R2(C“H;s)COH 5 
“ RCHO R(C'H;)CHOH . 
O O OH 
RC—OEt R—C—C'4H; R—C(C'4H 3) 2 
H:C=0O C4H;CH:OH i 
CH:—CH: C4H;CH.CH.OH 4 
oO 
O oO 
| 
R:NCR C¥4H3CR 
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TABLE 3 


(Continued) 
: ¢ Inter- Main 
ts mediate Reactants Method Main Product 
re . CMHGI R-——CH Grignard R--CH=+CH: 
an & CH:—CH:X CH.CH 
i SiCl, - (CMH) SiCl 
‘2H PbCl: 7 Pb(C'Hs) 4 
H : SO: " CMH ,SOOH 
RX Wurtz RCH; 
H : ArBr Wurtz-Fittig  ArC''Hs 
: NaOR Williamson ROC'“Hs; 
YX , AICIs Friedel and C¥4Hs Z\_CHs 
| . Crafts 
re- 9 Ya CH; \/4 CuH 
and 
R3N R;(C'4H;) NI 
AgOH C™H;OH 
NaCH(COOEt)>» C4H;CH(COOEt)> 
NaCN Cu4H;CN 
—aa HCN or RI, where Ris Hydrolysis, RCUN 
KCUN a primary alkyl etc. 
group which Reduction 
may be substi- Williamson 
tuted Grignard on 
aldehyde and 
; ester 
= Thorpe 
R»oCHI, where R.CHCUN 
R is a secondary 
Hs alkyl group 


Br(CH:2),Br Ziegler, reduc- C'*N(CH:2),C'4N 
tion and dehy- 


drogeneration 
HCl HCOOH 
RCHO Cyanohydrin RCHOHC“OOH 
Oxidation 
: " RCHO, NH; Strecker RCHNH:C'OOH 


Easily Obtained 
Secondary Products 


CM4H;sCH»COOH 
C'4H;COOH 


RCMOOH, RC#OCI, 
RCMUONHs, ete. 
RC“HO, RC'*H,OH 
RC“H.,OR’ 
RC™“H(OH)R’,RC“OR 


RCM“OR 
R-CHCOOH, etc. 


Cu==0 


(CH) a—1 | 


CH: 
Va et 
4 
\ 
RCOC“OOH 
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Ma un 
Reactants 


I nter- 


mediate MV ethod 


KCUN Pa SO;K Pyrolysis of 
if salt 
‘, ; 
Hydrolysis 
Stephen's 
NH: Sandenmeyer 
i Ri 
f ) HONO 


CH.CICOONa 


CuxX(CUN)2 A 


TABLE 3 
(Continued) 


Easily Obtained 
Main Product Secondary Products 


\ CUN 
\ 
\ 
CHOOH, ete. 
| 
} 
| 
‘ed 
4 ¥ 
° CuHO 
6 
CuUN 
if R 


CH2(C4OOH)>» CH:(COOEt) 2 


) 


Jf 


Y \CUN \Y \C4OOH 


/\N/ 


~ pp 


\ COOH 





NZ 





(27) and by Cramer in 1941. The 
Cramer-Kistiakowsky preparation is 
represented by the reaction: 
C40, + NH; + 4K — KCN 
+ 2KOH + KH (7) 
Loftfield tested the influence on prod- 
uct yield of all important variables in 
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the reaction, including time, tempera- 
ture, pressures of ammonia and car- 
bon dioxide, nature and physical form 
of the reductant, and chemical com- 
bination of the C™O,. The original 
procedure, as summarized by Kamen 
(9), gave yields of KC'*N around 
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Breakage of reaction tubes 


55-65%. 
with this procedure is said by some 
vorkers to be a major disadvantage 
10). Loftfield’s technique gives yields 
of 90-96% with occasional runs as low 
His reactions were performed 
within a sealed pyrex tube enclosed by 


is 75%. 


, steel jacket. The optimum tem- 
perature, 600° C, could be attained 
within eight minutes, and was main- 
tained for 12 minutes. 

BaC,. This intermediate can be 
prepared by the ignition of BaCO,; with 
powdered magnesium, as has been re- 
ported by several workers, using C' 

27, 28). 
2BaC"O; + 5Mg — BaC!*, 

+ BaO + 5MgO (8) 

Gurin (10) has stated that he obtains 
10% yields of acetylene by this method. 
Others (10) have reported better re- 
coveries, in the order of 65-70%, by a 
modification wherein H. gas is passed 
over the BaCO,;-Mg mixture. 

Although acetylene may some day be 
used to synthesize uniformly labeled 
radiobenzene, radiocyclo-octatetraene, 
ete., it has thus far been used only via 
acetaldehyde. Gurin that the 
hydrolysis of acetylene occurs in 75% 
vield using the Scharf catalyst at 100° C 
in apparatus he describes. 

Kamen (9) has summarized the early 
work done with BaC'', and gives a 
two-hour procedure for synthesis of 
a,8-labeled lactic acid in 20% over-all 
yield. prepared pyruvic 
acid by permanganate oxidation of iso- 
topic butyl lactate. 

Actoacetic ester. 
the preparation of ethyl acetoacetate 


says 


Gurin has 


Gurin describes 


with various carbons labeled. 


(CoH) 280.4 


CH;,C“OONa - 

2 CH,C“00C.H, (9) 
eCN® CH,CMOCH.C“OOC;H,; — (10) 
CH,C“OOCH, + BrMgCH.COOC;H, 

_, CH,C“OCH.COOC:H; (11) 
CH,COOCH, + BrMgCH,C“00C,H; 
_+ CH,COCH:C“O0C:H,; (12) 
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Obviously, the present availability 
of C“H;1 makes practicable the syn- 
thesis of acetoacetic ester having any 
carbon or combination of carbons 
labeled. The C'4H;I can be converted 
to C'H;COOH or C'H;C“OOH via 
the Grignard method, and the ap- 
propriate derivatives of these acids used 
in the above reactions. 

Malonic ester. Although there ap- 
pears to be no published work on the 
preparation of isotopic malonic ester, 
the synthesis of this very important 
intermediate should be a fairly simple 
matter. Using available compounds, 
the C'™ could be placed in either the 
carboxyl or methylene groups by using 
the reaction sequence outlined below. 


CH;I — CH,COOH — BrCH,.COOH 
+ CNCH,COOH — CH.(COOH), — 
CH.(COOC.Hs). (13) 
H.CO. Choice of a method for 
preparation of isotopic formaldehyde 
is contingent upon the use anticipated. 
The commercial vapor phase oxidation 
of methanol or the pyrolysis of a 
formate might be applicable here, the 
formate being obtained by the hydro- 
genation of bicarbonate as previously 
mentioned. The first may 
lead to an aqueous solution of formalde- 
hyde. The water will not be a disad- 
vantage in many reactions. Even 
the Grignard reaction can be conducted 
with an amount of reagent beyond that 
which will react with all of the water. 
W. G. Brown (10) has recently re- 
ferred to a promising procedure capable 
of producing pure monomeric anhy- 
drous H,C'0. 
¢@:;3CNa + CO, — @;CC“OONa = (14) 
¢;CC4OOH + SOC], — 
é;CC“OC] (15) 
¢;CC“OC! + LiAIH, > 
¢;CC“H.OH (16) 
‘The triphenylmethy! carbinol, pro- 
duced in 80% yield, has been reported 
as decomposing at its melting point to 
give a good yield of formaldehyde. At 
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process 














least one group (2) hus experienced 
great difficulty in obtaining even 5% 
yields in this last step. 
NH.CON(NO)C"*H;, Nitrosomethyl- 
ures. The synthesis of this com- 
pound from methylamine hydrochloride 
in 66-72% yield is described in Blatt 
(30). The methylamine salt could be 
prepared by several methods from 
methanol or methyl iodide. The nitro- 
somethylurea synthesis is summarized 
below: 
C'4H;NH,-HCl + NH:CONH, — 


The product is the precursor of di 


which is prepared at the 
This latter reagent is par- 
preparation 


zomethane 
time of use. 
ticularly useful for the 
of methy! esters, viz.: 


RCOOH + CH.N:— RCOOCH; 
+N: (19 


The concluding part of this article will 
appear in the December issue of Nv- 
CLEONICs. It will discuss other isotopic 
intermediates, synthesis of C'*-labeled 


C¥H;NHCONH: (17) organic compounds, research applica- 
C4H,;NHCONH, + HNO, — tions of C' in biological and chemical 
C4H;N(NO)CONH, (18) _ studies, and safety precautions. 
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“The Armed Services are not fit almoners for education and 


science. 


They are run by men whose chief purpose in life is 


war, and to whom the absence of war, even though a war is 
almost certain to engulf them personally, is a frustration and a 


denial of the purpose of their existence. 


They are run by men 


who have been drilled into a highly specialized scheme of 


subordination and superordination. 


What makes a man a good 


soldier, generally makes him a bad scientist, and a totally un- 
suitable administrator of science.” 
. . . Norbert Wiener, from a symposium which appeared 
in the Spring and Summer Issues of the American Scholar 
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Nuclear Principles of Nuclear Reactors 


The first of a series of articles for engineers with a professional 


interest in the design and use of nuclear power reactors. 


The 


fission process, propagation of the chain reaction, and pertinent 
nuclear cross sections are treated in this introductory discussion 


By CLARK GOODMAN 


Department of Physics, Massachusetts Instuute of Technology 
Cambridge, Massachusetts 


\LL PRESENT-DAY, practicable schemes 
for utilizing nuclear energy transfer the 
heat produced by a neutron chain-re- 
acting system to a working fluid and 
convert this heat to useful power by con- 
ventional methods. Basically, there- 
fore, a nuclear power reactor is simply 
a new type of heat source, inherently 
capable of delivering its energy at a 
very high temperature level. However, 
because of the restrictions imposed by 
the physical properties of structural 
materials, it is limited to the moderate 
temperatures encountered in the use of 
chemical fuels. 

The future development of nuclear 
power is largely a matter of engineering. 
In order to appreciate some of the 
problems involved, it is necessary to 
understand how the nuclear heat is 
produced, how the chain reaction is 
propagated and controlled, what unique 
properties are required of the materials 
of construction, and what precautions 
must be taken to confine the nuclear 
radiations. The present summary fol- 
lows this engineering outline. The 
important nuclear concepts are intro- 
duced as required for elucidation. 


PRODUCTION OF HEAT 
Fission Fragments 


When a uranium, or other heavy 
atom,* undergoes fission, it splits into 





for the recent discovery by 


* Except a 
H. Goeckermann, D. H. Weaneto. 


Perlman, R. 
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twof unequal parts. These fission 
fragments fly apart in opposite direc- 
tions with velocities corresponding to 
thermodynamic temperatures of several 
billion degrees. However, in spite of 
the violence of the rupture, the initial 
fragment velocities are considerably 
smaller than the orbital velocities of 
most of the electrons in the original 
atom. As a result, each fragmentt 
carries with it a tightly-bound core of 
electrons. It is for this reason that the 
absorption of fission fragments in 
matter is essentially different from that 
of particles with small nuclear charge, 
such as protons, deuterons, and alphas, 
which are practically stripped of elec- 
trons over nearly the whole range. 
Bohr has shown (4) that the rate of 
velocity loss by fission fragments is 
given as the sum of two terms, one of 
which accounts for the energy transfer 
to the individual atomic electrons in the 
stopping medium, while the other term 
accounts for the direct transfer of mo- 





ton, and J. J. Howland (/) that elements cover- 
ing the range from atomic number 83 (Bi) to 
73 (Ta) can be broken down into lighter ele- 
ments by bombarding with particle radiations 
in excess of 100 Mev; numerous studies have 
failed to detect fission in any elements below 
Bi. 


+ Ternary and quarternary fission occur in 
very small proportions (2). 


t The most probable values of the ionic 
charge for the light and heavy fragments of 
U™* at the instant of fission are 20 and 2 
electronic charges respectively (3). 














mentum from the fragment to the atoms 
through nuclear collisions. In 
electronic encounters, the limit to the 
energy transfer is set by the dynamic 


close 


properties of the atomic oscillators, 
while the energy transfer by nuclear 
collisions is limited by the screening of 
the nuclear charge of the colliding atoms 
by the static charge distribution of the 
bound electrons. These interactions 
produce intense ionization and elec- 
tronic excitation along the fission tracks 
and along the tracks of the knock-on 
resulting in the 
emission of photons. These quanta are 
largely absorbed by the atoms in the 
immediate surrounding. As a result of 
these processes, essentially all of the 
kinetic energy of the fission fragments 
is transferred to thermal agitation 
which causes a rise in temperature of 
the medium. 

A small amount of energy is absorbed 
in producing chemical 
ionic and metallic compounds, some of 
the atoms may be knocked out of their 
normal lattice positions (Wigner ef- 
fect) (5). It has been reported (6) that 
the electric resistance, the elasticity, 
and the heat conductivity of graphite 
all change with exposure to intense 
neutron irradiation. It is obvious that 
similar changes would be produced by 
fission fragments in many solid materi- 
als. In covalent compounds, such as 
common gases and liquids and also 
organic materials, the energy required 


atoms respectively, 


changes. In 





$ 


Percent transmission 


\ 
o 














o2 


mg /cm? 


FIG. 1. Transmission through various 
materials of fission fragments from U235 as 
measured by pulse counting (from ref. 8) 
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to ionize a molecule is always much 
greater than the energy required to 
break a bond within the molecule (7) 
Hence, all compounds are 
strongly affected by ionizing radiation 
forming free radicals or atoms which 
may recombine to form new chemical 
As discussed later in more 


covalent 


compounds. 
detail, such radiation effects are impor- 
tant in the design and control of nuclear 
reactors. 

In considering these radiation effects 
and in determining the minimal thick- 
ness of cladding materials on nuclear 
fuel assemblies, it is important to know 
the range of fission fragments. Segré 
and Wiegand (8) measured the trans- 
mission of collodion, Al, Cu, Ag, and 
Au by means of a H.--filled ionization 
chamber connected to a linear amplifier 
of constant amplification and_ bias. 
After applying a correction for the 
minimal detectable range, the trans- 
mission curves shown in Fig. 1 yield the 
tabulated values of Table 1. 

Thus we see that, in uranium fuel 
assemblies, the bulk of the kinetic 
energy of the fission fragments is con- 
verted to heat energy within a distance 
of less than 0.26 mil from the point at 
which fission occurs. It is also evident 
that only about 0.55 mil of aluminum 





TABLE 1 
Thickness of Absorber Required to Stop 
100°% of Fission Fragments from U*** 





Thickness of Absorber 


Absorber mg/cm? microns mils 


Collodion 2.6 26 1.0 


(CrHix dieNs) 
Aluminum 3.7 14 55 
Copper 5.2 5.8 23 
Silver 6.1 5.8 2 
Gold 11.14 §.8. 3 
Uranium tT 12.6* 6.7° “22” 
10.0* 14* .55* 


U30s3 
* These values were computed—others experi- 
mentally determined 
t Also found experimentally that 1 cm? of 
thick uranium gives recoil activity equivalent 
to 4.7 mg/cm? of thin uranium 
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all of the 


adding is required to confine 
fission fragments 


Prompt Radiations 

The _ kinetic 
fragments accounts for about 80%* of 
the total fission energy. The remainder 
s divided between the prompt radi- 
about 4%), emitted essentially 
with fission,t and the 
delayed radiations (about 16%) emitted 
luring the radioactive decay of the 
fission fragments and following absorp- 


energy of the fission 


ations 


simultaneously 


tion of stray neutrons. 

According to Zinn and Szilard (11), 
number of neutrons 7 
emitted per fission of U*** is about 2.3. 
Fermi (/2) states that these neutrons 
are emitted with a continuous distribu- 
tion of energy of the order of magnitude 
of 1 Mev Wilsont has 
reported an average energy of ~ 2 Mev. 
We will take a round value of 4 Mev 
2%) as the kinetic energy of the fast, 
If the excitation of 
insufficient to 
cause neutron emission,§$ the newly- 
formed nucleus may lose energy by the 
emission of gamma rays. On the aver- 
age, 4 Mev (2%) of the fission 
energy is released in this form. 


the average 


More recently, 


prompt neutrons. 


the fission fragment is 


about 


Delayed Radiations 


Some 24 Mev (about 12%) of the 


* The average energy of the fragments is 
about 160 Mev out of a total of 200 Mev 
The Mev (million electron volt) is the common 
unit of ouclear energy, | Mev = 1.6 X 10-6 
erg. 


Tt It is fairly well established that some neu- 
tron induced fissions in U*** require less than 
5 X 107% sec (9), and that not more than 
0.005% of the fissions are delayed by as much 
as 10°? sec (10). 


t Wilson also has confirmed experimentally 
that the prompt neutrons are evaporated from 
the highly excited fission fragments immedi- 
ately following rupture (13). 


§ Emission of a neutron is a much more rapid 
process than for a gamma ray. Accordingly, 
if the excitation energy exceeds the binding 
energy of a neutron (between ~ 3 and 9 Mev 
for the fission fragments), it is highly probable 
that a neutron will be emitted in preference to 
electromagnetic radiation. 
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fission energy is released by radioactive 
a period of time following 
fission.* It is extremely improbable 
that a fission fragment will be stable 
at the time of its formation. On the 
average, each fragment nucleus under- 
goes 3.2 beta-ray (8~) transitions before 
reaching a stable form. The energy of 
each of these transitions is divided in 
the usual manner between the 8~ and a 
Gamma rays of various en- 
radio- 


decay over 


neutrino. 
ergies are associated with these 
active changes. 

The rate of decay in 
fission product chain is greater at the 
beginning than toward the end. Ina 
few instances, the radioactive decay 
leads to an excited level sufficient to 
allow the emission of a neutron. As 
mentioned above, this is a rapid process, 
but in each case the rate of emission of 
the neutron is controlled by the rate 
of decay of the preceding nuclear level. 
Hence, characteristic radioactive mean- 
lives are associated with each of the five 
delayed neutron emitterst in the prod- 
ucts from neutron-induced fission of 
U**, While the heat produced by 
these delayed neutrons is negligibly 
small (only about 0.02% of the total 
fission energy {), they are of major im- 
portance in the control of nuclear re- 
actors as discussed in some detail in a 
later section. 

The prompt and delayed neutrons 
eventually are absorbed either in fission- 
able nuclei or in materials of construc- 
tion. The binding energy of the latter 
neutrons (~ 9 Mev) is released either 
as gamma radiation (from n,y processes) 


nearly every 


* The ratio of B to y energy is about 1.1 (14). 


+ The fottowting eter have been estab- 
lished (14): 0.44, 1.8, 4.3, 22, and 56seconds. It 
is suggested x wy the last two periods are likely 
those of Br*’ and I'*’, and that delayed neutrons 
are emitted by Kr*’ and Xe!?’. 


t Average energies between 0.2 and 0.8 
Mev have been reported (1/6) for the separate 
energy-distribution curves of the delayed 
neutrons from U2 fission products. How- 
ever, only about 0.01 delayed neutrons are 
observed for each prompt neutron (17). 














or as y, 8, and neutrinos from radio- 
active decay. 

The ionization and excitation ener- 
gies released in the absorption of the 
beta rays from radioactive decay and 
the gamma rays (both prompt and 
delayed) are immediately transformed 
into heat energy. The heat from the 
fission product betas is localized in the 
reactor within a few millimeters of 
the fissionable material. On the other 
hand, the heat from the absorption of 
gamma rays, from the slowing down of 
the fission and delayed neutrons, and 
from the absorption of stray neutrons is 
produced much more generally through- 
out the reactor. 

In summary, the average distribution 
of energy production in these various 
forms for U**® is approximately as 
follows: 

Per Cent 


Fission fragments 80 
Neutrons 
Prompt 2 
Delayed .004 
Gamma rays 
Prompt 2 
Radioactivity 3 
Neutron absorption 4 


Beta rays 


Radioactivity 3 
Neutrinos 
Radioactivity 6 


The neutrinos are not absorbed to 
any appreciable extent even by solid 
materials, hence they escape from the 
reactor, and presumably from the earth 
without producing any detectable heat- 
ing effect. 


Power Considerations 


It is of some interest to consider the 
relationship between the power pro- 
duced in a thermal reactor and the flux 
of neutrons, nv, where n is the number 
of neutrons per cm® of velocity, » cm 
per sec. From the preceding section, a 
total of 188 Mev of heat energy is 
released per fission. Since the number 
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of thermal neutrons absorbed per unit 
volume per unit time is nv/d,, where 
Aa is the absorption mean-free-path of 
thermal neutrons in the reactor, and 
about 50% of the thermal neutrons 
absorbed in the reactor give rise to 
fission, the power is given approxi- 
mately as: 
0.5 x 188 X 1.6 x 10-8 
a 


nv 
= 1.5 X 10-"' — watts/em? (1 
Neo 


In a hypothetical, cubical pile of graph- 
ite and uranium, one cm on an edge, 
Fermi (12) cites a value of A, = 350 cm. 
He also points out that the power is not 
produced uniformly throughout but is a 
maximum at the center and decreases 
to essentially zero at the edge. Hence, 
for the example cited, the integrated 
power P is related to the flux nov at the 
center by the formula: 

Nov . 
P =3.8 X 10-" 5 a’ 


a 


=1.1 X 107'nwwa* watts (2) 


Substituting the length of the critical 
size, a = 584 cm, we obtain: 

P = 2.2 X 10-*nw watts (3) 
Thus, to produce a power of 2,000 kw, 
such as that obtained in the Clinton 
pile (18), the central flux of the hypo- 
thetical pile would need to be about 
10° neutrons per cm? per sec. 

The rate of consumption of U** 
would be about 244 grams per day and 
practically this amount of fission prod- 
ucts would be produced per day. 
Using the empirical relations given by 
Way and Wigner (/4), it is seen that 
the radioactive power dissipation would 
be 23, 15, and 9 kw at 0.1, 1 and 10 
days, respectively, after shutdown of 
the pile. This is illustrative of the im- 
portant fact that a nuclear reactor con- 
tinues to generate appreciable amounts 
of power for some time after the chain 
reaction is stopped. 
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CHAIN REACTION PROPAGATION 
General Considerations 


In chain reactions of the type we are 
considering, uranium or _ plutonium 
nuclei undergo fission upon absorption 
of neutrons. As a result, there are 
liberated high velocity (fast) neutrons 
which may or may not be slowed down 
before being absorbed in part by other 
uranium or plutonium nuclei to produce 
neutrons of the second generation. In 
order to maintain a chain reaction, the 
number of neutrons in each generation 
must be equal to or greater than the 
number in any previous generation, i.e., 
the rate of production must be equal to 
or greater than the rate of loss. 

The loss of neutrons is divided be- 
tween absorption and leakage. The 
absorption is largely by uranium or 
plutonium nuclei and, to a minor ex- 
tent, by structural materials and im- 
purities. Leakage depends on the size 
and shape of the nuclear reactor and, 
of course, is kept to a minimum by 
surrounding the active volume with a 
neutron reflector. The proportion of 
neutrons lost in these various ways is 
directly related to the scattering, ab- 
sorption, and fission cross sections of 
the nuclei present. 


Nuclear Cross Sections 


The probability of a nuclear process 
depends on (a) the particular particles 
involved in the reaction, (b) the energy 
of the incident particle, which depends 
only on the speed of the particle relative 
to the struck nucleus, and (c) the angu- 
lar momentum properties of the re- 
action. The cross seclion o gives a 
complete specification of the probability 
of a reaction and is defined as the ratio 
of the number of interactions per 
nucleus per unit time to the flux of 
incident particles: 
c= 

interactions per nucleus per unit time 

no 
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In the case of neutrons, the inter- 
actions may be of several types: 

scattering—either elastic, in which 

kinetic energy is conserved, or in- 
elastic, in which some energy goes 
into nuclear excitation 
radiative capture—simple absorption 
of the neutron with the subsequent 
emission of a gamma ray, schemati- 
cally designated (n,y) 

nuclear disintegration—absorption of 
a neutron with the subsequent 
emission of a proton (n,p), the 
emission of two or more neutrons 
(n,2n), or, most important of all 
for our purpose, the splitting or 
fission of the nucleus (n,f) 

These processes compete in determin- 
ing the fate of every neutron produced 
in a reactor. If scattering predomi- 
nates, the fission neutrons may be re- 
duced to very low kinetic energies before 
being absorbed by a nucleus or leaking 
from the reactor. The lower limit for 
the neutron energies is established by 
the thermal agitation of the atoms of 
which the reactor is composed. At a 
temperature of 15° C, this corresponds 
to a Maxwellian distribution of neutron 
energies peaked at about 0.025 ev, 
which is the generally accepted modal 
value for thermal neutrons. Thus, it is 
generally necessary to know the vari- 
ation of the cross sections with energy 
over a range from the fission neutron 
energies of about 2 Mev down to essen- 
tially zero energy. Unfortunately, no 
theory vields this complete picture; in- 
deed, some of the fundamental phe- 
nomena are not well understood. 

The most successful approach is the 
dispersion theory, so called because of its 
similarity to the dispersion of light 
quanta by atoms. In broad outline 
and also in several detailed predictions, 
there is good agreement between the 
theory and the extensive experimental 
observations. Because these consider- 
ations are the very roots of the nuclear 
principles underlying the functioning 
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of nuclear reactors, an attempt will 


be made to summarize the 
understanding. 
Quantum-mechanical aspects. Free 


nuclear particles of mass m and speed v 


present 


are considered as having both corpus- 
cular and wave properties. A stream 
of neutrons of energy E electron volts 
can be represented as a plane wave 
of wavelength \ = h/mv = .456 X 
10-° VE. This wavelength is a meas- 
ure of the distance within which the 
neutron can be localized. The square 
of the absolute value of this wave func- 
tion equals the probability that a neu- 
tron will be in unit volume at 
point. 

A qualitative description* of 
interaction of a nucleus with 
of low-energy neutrons is shown sche- 
matically in Fig. 2. The incident beam 
is represented outside the nucleus by a 
wave of wavelength 4. Near the nu- 
clear surface of radius a, this wave joins 


a given 


the 
a beam 


smoothly with equal value and deriva- 
tive to the wave function inside the 
nucleus. The latter is the solution of a 
complicated many-body problem, but 
on the average is of relatively short 
wavelength corresponding to the high 
kinetic energy inside the nucleus. 
Generally, the joining can be done 
only if the amplitude of the inside wave 
function is very much smaller than the 
amplitude of the incident neutron wave. 
In exceptional cases, when the deriva- 
tive of the inside wave function is near 
zero at the surface, the two waves can 
be joined with equal amplitudes. For 
each of these excitation energies of the 
compound nucleus, the amplitude of 
the inside wave function is large, corre- 
sponding to a relatively large probabil- 
ity that the neutron will be found in the 
nucleus. These energies are the ob- 
served resonances, the width of a 
resonance peak at half its maximum 


* This summary is based largely on three 


references (19). 


Between resonances 






t) - 
Neor resonance 

) 

0) 

FIG. 2. Schematic representation of 


neutron wave function as functions of 
distance r from the center of the nucleus 0 
The nuclear surface is at r =a [from 
Feshbach, Peaslee and Weisskopf (19)] 





value being denoted by I and usually 
measured in ev. 

If the kinetic energy, F, of an incident 
neutron is near the resonance value, 
E,, the compound nucleus formed will 
be in an excited state. It can return 
to states of lower energy, and eventually 
to the stable ground state, by the emis- 
sion of nucleons or quanta. However, 
the Heisenberg relation demands that 
the product of the uncertainty in time 
7 at which a given system is known to 
have an uncertainty in energy T must 
be equal to or greater than fh. Ae- 
cordingly, the mean life + of the com- 
pound nucleus is generally considered 
to be equal to h/T. 

Thus, the level width T is a physical 
measure of the lifetime of a state for 
any mode of disintegration of which it is 
capable. It is the sum of all the partial 
widths, which measure the probability 
per unit time of each separate disinte- 
gration process: T = Tl, + Ia, where I, 
is the width corresponding to reemission 
of the neutron with its original energy 
and Tl, isthe absorption width. TI, con- 
tains the radiation width and also the 
width for any other process that does 
not lead to the elastic reemission of the 
incident particies, such as fission or in- 
elastic scattering. 

The dependence of cross section on 
the energy of the incident particles is 
given by the Breit-Wigner formula (20) 
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vhich has the following form* if the 
spins of the particle and of the nucleus 
ire disregarded: 
5, = 4rd? (21 + 1) 
. r,/2 . 
es ae T Pol (4) 
= rh? (21 + 1) 
1 (P,P.)'ee |? 
LE — E, + if /2| 
in which the quantities not previously 
defined are: 


(5) 


¢, = cross section for elastic 
scattering 
¢. = cross section for absorption 


| = the quantum number of the 
angular momentum Ih of 
the incident particle 
p. = amplitude of ‘potential 
scattering” 
¢ = phase term 
The summations are over the several] 
resonances that may be exhibited, and 
the level widths, though not 
explicitly designated, refer to the indi- 
vidual widths for each excited state. 
In the case where the resonance levels 


even 


are far apart and the collision is central 
| = 0), the equations for the cross sec- 
tions in the neighborhood of one of the 
resonance levels reduce to the simpler 


forms: 
oi r,/2 
ined | BT ae 7 
So. | ee 
+ e/asin x | (6) 
12 Pla ’ 
Gq = TA* (E — E.)? TY 4 for E 


near E, (7) 

Reactions with low-energy neutrons. 
Equations 6 and 7 are particularly use- 
ful in the case of reactions with low- 
energy neutrons. A thermal neutron 
of energy 0.025 ev has a wavelength, 


* Equations of the same form as (4) and (5) 
also apply in the case of incident charged 
particles, such as alphas, deuterons, and pro- 
tons, and incident gamma rays. The Cou- 
lombian repulsion of the charged particles 
affects the level widths while the 1 term is 
important for gammas. 
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& = 1.8A.U.,; its collision with a nucleus 
is a purely wavelike phenomenon. The 
angular momentum of the neutron is 
mor at a distance r from the center of 
the nucleus. But from quantum prin- 
ciples this is quantized, i.e., mur = lh, 
where | takes on integer values (0, 1, 
2, ...). Forl = 1 (p interactions), 
r=h/mv = x = 1.8 X 1078 cm. 

However, neutrons at this distance do 
not experience any nuclear force, since 
the nuclear radius is much smaller, i.e., 
a ~ 1.5 X 10-A'S) cm, where A 
= atomic weight. Hence, only scatter- 
ing and absorption (J = 0) are impor- 
tant for low-energy neutrons. 

Such neutrons excite predominantly 
by the effect of their binding energy B, 
which varies somewhat from nucleus to 
nucleus but averages about 8 Mev for 
medium A (~ 40 to 120), is somewhat 
lower for lighter and for heavier nuclei, 
and may be substantially less for certain 
of the lightest nuclei. 

From experimental data it can be 
shown that the values of T, are of the 
order of 10-4 VE, ev, where E, is the 
energy in electron volts. 
From this relation and knowledge of 
relative wavelengths of the neutron 
outside and inside the nucleus, it follows 
that the resonance levels should be 
separated by an interval D =~ 10 ev, 
which is a reasonable average value. 
For very low values of the neutron 
energy E, it is observed experimentally 
that [, >T,. Therefore, Tl ~ T, and 
the following relations 
obtain: 


resonance 


approximate 


. 


r,, : , 
oq = An)? r for E=E, (8) 


nh : 
But » = —> and I, = 1073 VE 
mo 


7 X 10-*v a/m, 
10-2h? /1 
hence O, * - (9) 


ram? \v 


which is the well-known (1/v) relation 
for the absorption cross section of nuclei 
for thermal neutrons. Qualitatively, 
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the fraction of the time that a neutron 
spends within the range of the nuclear 
forces is proportional to (1/v). Hence, 
if the other variables are not energy- 
sensitive over an interval of FE from 0 to 
about lev,o, « (1/v). Iff. < levand 
E, < ~ 10 ev, the (1/v) dependence 
will be modified by the resonance peak. 
As shown in Figs. 3 and 4, the absorp- 
tion cross sections of cadmium and 
indium have these characteristics. 

If the resonance level is_ wide, 
la > ~ 10 ev, its effect will be so 
smeared out that it will hardly affect 
the (1/v) dependence of the cross sec- 
tion. This is the case with light ele- 
ments, such as lithium, boron, and 
nitrogen. The cross-section relations 
for the first two of these elements are 
presented in Figs. 5 and 6. In these 
light nuclei, the emission of gamma rays 
is improbable compared with the emis- 
sion of charged particles, i.e., Ta > Ty 
or IT, >Ty. Hence, the reactions 
Li® (n,a) H, B* (n,a) Li’, and N" (n,p) 
C™ are predominant in the deexcitation 
of these nuclei following the absorption 
of thermal neutrons. 

For heavier nuclei, the emission of 
charged particles is unlikely because of 
the large Coulomb barrier. Instead, 
gamma radiation is the more probable 
means of deexcitation, typical examples 
being Mn®5 (n,y) Mn5*, Ag'® (n,y) Ag!°, 
Cd'33 (n,y) Cd'4, In (n,y) In", 
Th? (n,y) Th?, and U?38 (n,y) U?**. 
With the exception of Cd'"‘, all of these 
residual nuclei are unstable against a 
n—p transformation and hence un- 
dergo radioactive decay by emission of 
8~ and neutrino. 

Of particular interest in nucleonics is 
the radiative capture in thorium and 
uranium. With neutrons below their 
fission threshold of several kev, Th*** 
and U**® undergo the following impor- 
tant changes: 


Th***'(n,7) Th**-——> Pa®*———> 


23.5 m. 27.4 d. 
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56 860i 2 . = ©10 ~ 45 
En (ev) —> 

FIG. 3. Absorption cross section of 
cadmium below energy of 0.4 ev. az: 
Breit-Wigner fit with r/2 = 0.058 ev, 
Eo = 0.180 ev, eo = 7800 barns. Based 
on data of Columbia velocity selector, 
Clinton crystal spectrometer, and Chicago 
crystal spectrometer (from ref. 33) 











a 


= 


1.63 X 10° y. 


7233 








U238 (n,y) U239 a Np**9 a> 
23 m. 2.3 d. 
a 

Pu?%9 


2.411 X 10*y. 
The product nuclei U*** and Pu®*® are 
known to be fissionable with thermal 
neutrons (21) and are sufficiently long- 
lived (22) to be useful as nuclear fuels. 
In a nuclear reactor designed to pro- 
duce Pu*** from Us, such as the Han- 
ford piles, the major radiative capture 
of neutrons occurs at the resonance 
energies of U?*8. The most prominent 
resonance has a peak value of a, 
= 5,000 barns at EZ, ~ 5 ev (23). 
Equations 4 and 6 contain the char- 
acteristic ‘potential scattering” term 
which, if present alone, would give rise 
to a scattering cross section: 


a 
o, = 4x)? sin? y (10) 


This is equivalent to the scattering of an 
impenetrable sphere of radius a. The 
potential scattering may combine with 
the resonance scattering to produce 
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FIG. 4. Absorption cross section of 
indium below energy of 5 ev. Data ob- 
tained from Cornell, Chicago and Colum- 
bia velocity selectors (from ref. 33) 
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either constructive or destructive inter- 
ference resulting in an abnormally large 
or small scattering cross section, res- 
pectively.* 
For thermal or near thermal energies, 
it would be expected from equation 10 
a 


a’ 
- 4ra*, since sin? > = 75: 
. “ 


that o, With 
only a few rather glaring exceptions, 
such as Sb, Hg, Fe, Ni, and Ge, this 
relation seems to hold quite satisfac- 
torily (25). 

Cross sections for intermediate and 
fast neutrons. As indicated above, the 
cross sections of light nuclei for low- 
energy neutrons are markedly different 
from those of heavy nuclei. A similar 
situation obtains in general for neutrons 
of higher energies; nuclei with ~ 10 
<A<~100 have rather different 
characteristics from those with greater 
atomic weight. These differences are 
attributable, at least in part, to the 
fact that for A < 100 the binding 

* Recently reported experiments (24) demon- 
strate the coincidence of resonance scattering 
with the principal absorption resonances of In, 
Ag, and Au. However, their detectors and 


scatterers were not thin, hence determinations 
of the peak values of ¢s were not possible. 
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energy of the neutron is roughly con- 
stant,f while for A > 100 the binding 
energy of the neutron decreases with 
increasing A. 

For neutron energies higher than 
some hundreds of kev, resonance phe- 
nomena are not expected to occur be- 
cause the spacing of nuclear levels is 
less than their width. In accord with 
this, Hughes (26) has observed that the 
(n,y) cross sections for fast neutrons do 
not vary at random from isotope to iso- 
tope as do the thermal values, but follow 
a smooth curve from about 0.1 barns at 
A = 100, down to about 10~‘ barns at 
A = 15. Above A = 100, the (n,y) 
cross sections remain roughly constant 
except for lead and bismuth which fall 
abnormally Pertinent to the 
latter is the observation (27) that the 
neutron widths in known nuclear res- 
onance levels show approximately the 
same proportionality factor of VE in 
elements as different as Rh (A = 103), 
In (A = 115), and Au (A = 187). 
Hence, the separation of resonance 


low. 


levels does not change appreciably for 
these values of A. 

As a useful, rough, rule-of-thumb 
relationship, Feshbach, Peaslee and 
Weisskopf (28) have proposed for the 
average absorption cross section (¢.)av 
for intermediate energy neutrons (EF 
= 7,000 ev) and for A > 100: 

50 
EM barns 

Fast effect. As indicated above, T. 
contains the width I, for fission of the 
nucleus in its excited state. Like other 
processes in which charged particles are 
emitted, a definite threshold or mini- 
mum energy of excitation is required for 
the fission fragment to penetrate the 
deformation-energy potential barrier. 
In a few cases, notably U2**, U2**, and 
Pu2**, the binding energy of a neutron 
is sufficient to produce fission. Hence, 


(Calav * 


(11) 





t+ For very light nuclei, the binding energy, 
of course, is quite erratic. 
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FIG. 5. Absorption cross section of 


lithium below 5 ev (from ref. 33) 





these nuclei are fissionable with thermal 
neutrons. However, other 
U238, 


fissionable 


heavy nu- 
Np**’7, and 
with fast 
According to the foregoing 
well-defined resonances 
should be observed with intermediate- 
and low-energy 
fission of the 


clei, such as Th?*?, 
Pa**! are only 
neutrons. * 
discussion, 


neutrons 
thermally 


leading to 
fissionable 


* This statement requires minor qualifica- 
tions in the case of U**8 and Np*7._ It hee been 
definitely demonstrated that U*** undergoes 
spontaneous fission at a very slow rate, Ti, ~ 
7 X 10'* y, or about 90 disintegrations per hour 
per gram based on the observations (29) of 
G. Scharff-Goldhaber and G. 8S. Klaiber, 
W. Maurer and H. Pose, assuming 9 = 2.3 neu- 
trons per fission. 

Also, G. T. Seaborg has reported (30) a 
(n, y) cross section of ~ 200 barns for Np? 
for thermal neutrons and credits Thiorso and 
Magnusson with having observed a fission 
cross section of ~ .02 barns for Np?)? with 
thermal neutrons. 


nuclei and leading to radiative captures 
for the other heavy nuclei. 

With high-energy neutrons, the reso- 
nance levels are so closely spaced and 
the widths sufficiently broad that a 
complete smear rather than well-sepa- 


rated peaks would be expected. That 
such is the case for Np?**’ is clearly evi- 
dent in the experimentally-observed 
variation of fission cross section o 
with incident neutron energy E shown 
in Fig. 7. Within the experimental! 
uncertainty, there are no observabl 
Instead, oa, (Np?**’) rises 
smoothly from a threshold at about 
0.2 Mev up to an essentially constant 
value of about 1.45 barns at an energy 
of 1.2 Mev and above. It is reasonable 
to expect that similar curves obtain for 
the other nuclei fissionable with fast 
neutrons, except for minor variations in 
the observed values of the threshold 
energies and the maximum fission cross 


resonances. 


sections. 

Obviously, fission at energies above 
the threshold is of 
fast contain- 
ing non-thermally fissionable materials 
However, such fissions may also make 
an appreciable contribution to the re- 


considerable im- 


portance in reactorst 


+ See account of Los’ Alamos plutonium 
actor (31). 
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Absorption cross section of boron (from ref. 33) 
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vctivity of thermal reactors containing 
ordinary uranium (99.29% U?** and 
0.71% U**). This is known as the 
fast effect. Fermi (32) cites a value 
of 3% as the average contribution to the 
neutron flux from this effect in a well- 
designed, heterogeneous reactor con- 
taining graphite and ordinary uranium. 
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“The Council of the American Physical Society, being 
convinced that the national welfare and even the national 
security depend on the progress and diffusion of scientific knowl- 
edge, go on record as affirming that the restoration of freedom 
of scientific research and publication as it existed before the 


war is an urgent national necessity. 


The healthy condition of 


our science and technology, which was such a great national 
asset during the war years, will be greatly impaired if the free- 
dom of science is not restored in the immediate future.” 

. . « Resolution passed by the American Physical Society 
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Outside beam of 60-inch Berkeley cyclotron shown passing through air 





ACCELERATORS FOR HEAVY PARTICLES 


A review of the technical development of heavy-particle ac- 
celerators by a leading designer and builder of machines for 
nuclear research. Accelerators now under construction in 
various parts of the United States are also discussed here 


By WINFIELD W. SALISBURY 


Collins Radio Company, Cedar Rapids, Iowa 


HISTORICALLY, the first heavy charged Particles for these studies, however, 
particles* to be accelerated and ob- were accelerated to relatively small 
served in the laboratory were called energies by means of potentials pro- 
canal rays. These were observed and duced by spark coils or crude electro- 
reported by Goldstein (/) in 1886. static machines. These potentials were 
Wien (2) showed by magnetic and applied across electrodes in small, 
electric deflection that these particles partially evacuated discharge tubes 
had a positive charge and a mass-to- similar to those used in elementary 
charge ratio differing from that of physics courses. 

cathode rays. In fact, he found that Of course, the potentials available 
the mass-to-charge ratio was similar and usable with the acceleration tubes 
to that of the particles that carry charge then in use were small compared to 
in the electrolysis of solutions. the potentials involved in nuclear 
binding forces, and none of the phe- 
nomena observed today in connection 





* The heavy particles considered here are any 
atomic nucleii as opposed to electrons. 
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Schematic diagram of one of the first cyclotrons 


with artificial nuclear disintegration 
were then known. The millions of elec- 
tron volts of kinetic energy necessary 
for present-day experiments require 
greater forces and subtler methods. 
Sufficient potential across an X-ray 
tube for nuclear studies was obtained 
by Lauritsen and Bennett (3) in 1928 
by the method of cascading transform- 
ers (Fig. 1). However, this equipment 
was not used for this purpose until a 
much later date. 

Artificially produced heavy particles 
were first used to produce nuclear dis- 
integrations by Cockcroft and Walton 
(4) in 1930, while more powerful 
apparatus, usually associated with their 
name, was being built. Their first 
experiments, using a transformer and a 
single rectifier, were successful with the 
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application of only 150,000 volts. 
Later and more elaborate experiments 
with a method of producing high volt- 
age are now usually remembered as the 
Cockcroft-Walton experiments. They 
used the well-known combination of 
condensers and rectifier tubes, called a 
voltage multiplier, (Fig. 2) which 
worked from commercial power fre- 
quencies through high-voltage trans- 
formers. The accelerator tube had 
several glass sections with focusing and 
voltage-dividing metallic sections be- 
tween. This apparatus was an illus- 
tration of one of the principles of 
high-energy accelerators which is now 
recognized as fundamental; namely, the 
voltage across any one set of electrodes 
is limited if any physical substance 
intervenes, and voltages above a few 
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hundred thousand (or at most approxi- 
mately a million in the case of high 
frequencies) must be handled in steps. 

The reader will observe at this point 
that historically the advancement of 
nuclear science has followed closely on 
the availability of apparatus with new 
capabilities, About 1930, a number of 
new ideas were developed into practical 
apparatus and opened many new possi- 
bilities. Sloan and Lawrence (4) at the 
University of California conceived and 
built a linear accelerator, which was re- 
ported in 1931. 
ments by Thornton and Kinsey (6) and 
by Sloan and Coates (7) led to remark- 
able results for that time. 

The first equipment, shown schemati- 
cally in Fig. 3, used 42,000 volts of 
radio frequency with 30 accelerating 
cylinders. Mercury ions of 1.26 Mev 
energy were produced with a useful cur- 
rent of 10-7 amperes. The later model 
produced by Sloan and Coates used 36 
accelerating cylinders and 79,000 radio- 
frequency volts. This apparatus was 
185 cm in over-all length and produced 
mercury ions of 2.85 Mev energy and a 
current of 10-* amperes. Heavy ions 
of these energies are not too useful be- 
cause the potential energy of their 
coulomb fields greatly exceeds the ki- 
netic energy available. Therefore, since 
this development, the idea of linear ac- 
celerators has lain dormant and is only 
now being applied again. 


Subsequent improve- 


Cyclotron 


Simultaneous with this development, 
a much more fruitful line, for that time, 
was being followed in the same labora- 
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tory. Late in 1929, in an unpublished 
talk at the National Academy of Science, 
E. O. Lawrence of the University of 
California called attention to the fact 
that for nonrelativistic velocities, ions in 
a magnetic field have an angular veloc- 
ity which is independent of their energy 


e : 
(wo = » where w is the angular veloc- 
mc 


ity, H is the magnetic field in gausses, ¢ 
is the charge on the particle in electro- 
static units, m is the mass of the particle 
in grams, and c is the velocity of light) 
He proposed what is now called the cy- 
clotron, which is based on this principle 

A first attempt to build such a ma- 
chine. was reported by Lawrence and 
N. E. Edlefson (8) in 1930. In 1931, 
Lawrence and M. S. Livingston (9 
were completely successful in accelerat- 
ing particles to high energies by this 
method. Their first ma- 
chine was 4 inches in diameter and 
produced 80,000-volt protons with 2000 
r-f volts. Development was rapid from 
this point and very soon an 11-inch 


successful 
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liameter machine was producing 1.2- 
\lev deuterons. 

\ schematic diagram of an early cy- 
otron is shown on p. 35. It operates 
vy giving successive accelerations to 
yns as they circulate in a magnetic field 
n the space between two electrodes, 
lhese two electrodes, called “dees”’ be- 

cause of their resemblance in shape to 
the letter ‘‘D,” have the shape of a pill 
box which has been cut in two along the 
Very high energies can be 
given to particles with relatively small, 
intrinsic radio-frequency voltage; thus, 
in one of the early Berkeley cyclotrons 
having a 27-inch diameter, protons were 
given an energy of 3.6 Mev with only 
20,000 or 30,000 volts between dees. It 
was found that the bulge of the magnetic 
field across the edge of the poles of the 
magnet had the effect of focusing the 


liameter. 


ions so that currents of hundreds of 


microamperes were possible. 


Limitations 

Certain limitations were soon realized 
as higher and higher energy particles 
were produced. Their relativistic mass 
increase was found to throw them out of 
resonance with the radio frequency. 
This effect was in the same direction as 
the effect of the radially decreasing 
field required to produce 
This detuning could be over- 
come only by producing higher and 
higher dee voltages, and it was found 
that the higher the final energy of the 
particle the less the energy amplification 
which could be produced in a given 
cyclotron. 

Bethe and Rose (10) discussed this 
limitation in a paper which indicated 
that 15 Mev was about the highest 
energy which could be expected from a 
cyclotron accelerating deuterons. This 
was based on the then-existing tech- 
niques for producing r-f voltage between 
dees and they assumed that it would be 
extremely difficult to produce r-f peak 
voltage between accelerating electrodes 
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in excess of 50,000 volts. It was not 
long after the publication of their paper 
before the new 60-inch cyclotron in 
Berkeley (11) was producing particles of 
16 Mev energy and had attained dee 
voltages of 250,000 volts from dee to 
dee (Fig. 4). 

Targets in a cyclotron may be bom- 
barded by inserting them between the 
dees and picking up the particles on 
their last turn. High bombarding cur- 
rents are obtained in this way. (Liv- 
ingston reports one milliampere of beam 
current for 12-Mev deuterons attained 
thusly with the M.I.T. cyclotron.) 
However, in bombarding volatile sub- 
stances and for range and scattering 
experiments, it is desirable to be able to 
bring the beam of energetic particles of 
the cyclotron outside the magnetic 
field. This is done by means of a de- 
flecting channel which picks up the ions 
on their last turn and by the application 
of a strong electric field deflects them 
far enough out into the fringing flux so 
that they move away from the magnet 
in an opening curve. Voltages up to 
100 kilovolts d-c are used in such a de- 
flecting system. 


Outside Beams 

A beam obtained in this way is known 
as an “outside beam”’ and a great deal 
of effort has been expended in produc- 
ing large outside beams with cyclotrons. 
Late in 1939, the 60-inch cyclotron at 
Berkeley was found to be capable of 
producing as much as 330 microamperes 
of outside beam of 16-Mev deuterons. 
The application of high-speed air cool- 
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ing to a duralumin window permits the 
emergence of the beam into air for range 
measurements, and beams as high as 200 
microamperes were obtained through 
this window without destroying it. 
See photograph on p. 34. 

In addition to those at the University 
of California at- Berkeley (12), cyclo- 
trons have been built at the following 
universities: Illinois, Chicago, Mas- 
sachusetts Institute of Technology, 
Purdue, Cornell, Michigan, Princeton, 
Yale, Ohio State, Indiana, Washington 
(St. Louis), Stanford, Rochester, Co- 
lumbia, and many other places in this 
country and abroad. Many large ma- 
chines are now under construction and 
will be discussed in some detail later. 


F-M Cyclotron 
A 184-inch cyclotron was designed at 
Berkeley and construction was started 
shortly before the war. The author 
and others involved in this design 


announced their intention of producing 
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100-Mev deuterons but designed the 
machine in the hope that it eventually 
might be pushed to double this value. 
The techniques then available required 
an enormous oscillator power and very 
high dee voltages. In fact, it was hoped 
that, with the application of 5,000 kilo- 
watts to the oscillator, 4,000,000 volts 
might possibly be produced between 
these enormous dees. 

The war interrupted this work, how- 
ever, and before the time came to re- 
sume it, McMillan (/3) in this country 
and Veksler (/4) in Russia had realized 
that particles circulating in the cyclo- 
tron, in what were called “equilibrium 
orbits,” could be accelerated to ex- 
tremely high energies with limited dee 
voltages. The equilibrium orbits are 
those which cross the accelerating gaps 
at the time of zero potential difference 
with a fixed frequency. If the fre- 
quency is gradually decreased, the 
particles are slowly accelerated by being 
caught in a small voltage due to the 
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idvancing phase which accompanies the 

ange in frequency (Fig. 5). This 
principle of the frequency-modulation 
-yelotron permits compensation of both 
the radially decreasing magnetic field 
which is necessary for focusing) and 
the relativistic increase in mass due 
to the high velocity attained by the 
particles, 

This idea was first tested in the 
tadiation Laboratory at Berkeley on 
the 37-inch cyclotron and has been 
since used in completing the 184-inch 
eyelotron. The results of the applica- 
tion of this principle to the latter have 
been excellent. Deuterons of 200-Mev 
energy are readily obtained with rela- 
tively low voltage on the dees. The 
vuthor has observed 200-Mev particles 
obtained with a slow-frequency sweep 
rate and only 3,000 volts on the dees. 
Of course, one burst of the beam is 
obtained from each sweep of the fre- 
quency but because of the relatively 
slow increase of energy of the particles, 
ions filling many circular orbits are 
accelerated to final energy in each 
Hence, the reduction in average 
beam current due to the small number 
of bursts of the beam is not as great as 
Average 


burst. 


might at first be expected. 





beams estimated at one microampere 
have been obtained with the 184-inch 
cyclotron but this high intensity is not 
commonly used because of the intense 
and penetrating scattered radiation 
which it produces on striking a target. 
The problem of shielding personnel from 
this radiation is an extremely difficult 
one. 

An additional limitation in f-m cyclo- 
trons is similar to one observed in 
betatron design. The useful part of 
the radius of the magnet pole face is 
limited at the radius where the natural 
frequency of oscillation of perturbations 
of the beam perpendicular to the plane 
of its orbits is equal to one half the fre- 
quency of oscillation which results from 
a radial perturbation. This permits a 
strong coupling between these two oscil- 
lations and the beam quickly builds up 
the amplitude of these oscillations until 
it strikes the upper or lower lid of the 
vacuum chamber. This effect is pos- 
sible in the f-m cyclotron, where the 
energy added per turn is small, because 
of the large number of turns made by 
the orbit per unit increase of radius. 

Consider the dimensionless number 

R dH 
ea. aus = 

- 


r 


which characterizes the 





1 






































T 
' a iets 
ee Fg Me a ted 
sts OS ee 
i fi’! . bow, 
- ~ 
ft l fe 
' 224 7a / a \ 
L : Y +t 
= yt Ghoeee @Vydaga! 
"| ' ' SEEe' vs pte 
1 + ran es Pd ay 
i ‘ te ee s/f / 
ed \ . ae " / 
-T- 1 Ss.4--7 U7 og 
' a, a 
Re 
H — + 
a a ——e 
7 NNO, Ze 
e a ee 
L tP--4 
+t as 
FIG. §. Schematic diagram of f-m cyclotron 
NUCLEONICS - November, 1947 39 








* 
: 
$ 

& 











radial change of the magnetic field H 
in terms of the radius R. Then it can 
be shown that wy = wo V/N and we = 
wo V1 — N where wy is the angular 
velocity of resonance for perturbations 
perpendicular to the orbital plane and 
wer is the angular velocity of resonance 
; He 
for radial perturbations and wo = me #® 


before. 


) \ eee 
Then, — = and, if VN = 0.2, 


w 


WR 1 —0.2 pe Bh ae 
= =2. This condition is 


wy \ 0.2 

unstable because of the strong coupling 
that this relation gives between the two 
types of perturbation. In f-m cyclo- 
trons, the beam is observed to defocus 
and disappear at the radius where 
N = 0.2. 


Hard to Bring Beam Out 

The beam in an f-m cyclotron is 
considerably more difficult to bring out 
than in the regular cyclotron. There 
are two reasons for this. The obvious 
one, of course, is that a cyclotron big 
enough to require the frequency-modu- 
lation principle produces particles of 
extremely high energies and they are 
correspondingly difficult to deflect- 
whatever the means may be. The 
other difficulty is that the particles re- 
ceive a much smaller amount of energy 
per revolution and therefore the turns 
of the spiral orbit are extremely close 


together. 
Fortunately, the centers of the indi- 
vidual turns of the orbit precess for 


reasons which are not completely under- 
stood. This makes the orbit a so-called 
rose-shaped curve instead of a simple 
spiral, and one might hope to get a 
septum between successive orbits where 
the outer loop of the orbits separate 
because of this precession. In practice, 
however, the solution proves to be 
simpler. The deflection system con- 
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sists of four pipes placed on the corners 
of a square and arranged so that the 
plane of the beam is perpendicular to 
one pair of sides and can have voltage 
applied in this direction between pairs 
of pipes. If this voltage comes on in a 
pulse near the end of a frequency change 
cycle, a sudden increase in the ampli- 
tude in precession of orbit centers is 
produced so that one of the last orbits 
is shifted and intersects the side wall 
of the chamber. The radial falling-off 
of the magnetic field in the outer part of 
this shifted orbit permits it to expand 
so that the beam comes out of the 
chamber in a wide open curve. Two 
hundred million-volt deuterons readily 
penetrate the one-fourth inch steel wall 
but a properly placed thin window 
can permit them to emerge without 
interference. 

A whole range of new nuclear studies 
is possible with the high-energy par- 
ticles produced in the 184-inch cyclotron 
and these possibilities are being pur- 
sued. However, an equally important 
development from this cyclotron lies in 
its demonstrating that the limit of 
energies which can be produced in a 
cyclotron lies far beyond anything yet 
attempted. 


Electrostatic Machines 


A parallel development to the cyclo- 
tron which has been a strong competitor 
consists in the use of the principle of an 
electrostatic generator—conceived in 
1890 by Lord Kelvin and developed by 
R. J. Van de Graaff (15) in 1931—for 
the producing of extremely high d-c 
potentials by means of an electrostatic 
machine. 

This machine consists essentially of 
one or more large metallic spheres 
mounted on insulating posts and 
charged electrostatically by means of a 
moving insulating belt. Charge is 
sprayed onto this belt and conveyed up 
into the inside of the hollow conducting 
sphere. In general, the voltage is 
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limited by the potential at which the 
phere begins to have corona discharge. 
This device is a rather efficient one 
and potentials of 1.5 million volts be- 
tween such spheres—one positive and 
one negative—was obtained by Van de 
Graaff very soon after the conception 
of the idea. However, the application 
of this principle to an accelerating tube 
involves certain difficulties. Attempts 
to build up voltages of a million or more 
vcross solid insulators were limited by 
ereepage of surface currents which 
eventually destroyed the insulators. It 
was soon found advisable to break up 
the potential into sections by means of 
metallic corona rings with voltages as 
low as a few thousand volts per insu- 
lating These rings can be 
maintained at intermediate potential by 
means of corona points between them. 


section. 


Use of Pressurizing 

The voltage a given apparatus is 
capable of producing can be greatly 
increased by enclosing the apparatus 
in a pressure vessel and increasing the 
air pressure. Herb (/6) and his associ- 
ates (at Wisconsin) produced such a 
machine which operated in an atmos- 
phere of 100 psi. They found that an 
additional increase in voltage capacity 
could be obtained by introducing into 
the pressure chamber a relatively small 
amount of heavy gas such as freon 
(CCIF:). 

Because of the phenomenon known as 
long-path discharge—two electrodes will 
hold a much higher voltage over a short 
distance than they will over a long dis- 
tance with an extremely high potential 
—the voltage obtained with an electro- 
static generator can be further increased 
if it is split up by a series of concentric, 
surrounding shells which connect into 
the potential dividing rings, making a 
complete metallic enclosure for each 
large step of voltage. Herb and his 
associates obtained about 4.5 million 
volts and others have obtained voltages 
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of the same order of magnitude. A 
machine, designed by Van de Graaff 
and now under construction, uses three 
separations of voltages and, it is hoped, 
will produce 45 million volts. 

The application of these potentials to 
accelerator tubes also introduces diffi- 
culties. The accelerator tubes must 
frequently have, along their length, 
metallic separators which are connected 
to the potential separators of the elee- 
trostatic generator. Technical difficul- 
ties in making a tube with a large 
number of glass-to-metal seals in a long 
series as well as economy in building 
reasonable-sized pressure chambers have 
led to the design of an accelerating tube 
which is very long and narrow. This 
‘auses no particular difficulty if elec- 
trons are to be accelerated. However, 
if heavy particles are to be used, the 
leakage of gas necessarily associated 
with an ion source, coupled with the 
exceedingly low pumping speed of such 
a long narrow tube, makes it difficult to 
obtain substantial beams. 

It seems likely that this problem may 
yet be solved. Heretofore this type of 
device for the acceleration of heavy 
particles has been most useful, because 
of the smaller beam current, for studies 
in nuclear resonance where an exact 
knowledge of the potentials is extremely 
important. 


Future Possibilities 


The present time is one of enormous 
activity in the line of heavy particle 
accelerators. The possibility of pro- 
ducing mesons and of gaining some fur- 
ther clues to the existence of neutrinos, 
as well as the general problems of 
nuclear forces, makes the prospect of 
higher and higher energies in the labo- 
ratory an interesting one. (Mesons 
which are observed in cosmic rays, are 
unstable particles having 200 and pos- 
sibly 300 electron masses and a positive 
or negative charge equivalent to one 
electron. They are believed to be an 
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unstable piece of a proton. Neutrinos 
are particles necessary to balance the 
angular momentum and energy in beta 
decays. They have not yet been ob- 
served but are inferred from experi- 
ments with beta-active nuclei.) 

The linear accelerator is one type of 
equipment which has come in for a 
great deal of attention and effort. A 
design produced by Luis Alvarez of the 
Radiation Laboratory of the University 
of California is being pursued with great 
intensity in that laboratory and should 
be completed shortly. It consists of 
the application of a large number of 
obsolete radar pulse transmitters to a 
long resonator in which the particles 
are protected from periods of opposing 
voltage phase by passing through the 
interior of drift shielding tubes. The 
first unit is about 40 feet long and is 
expected to produce 40-million-volt 
protons. The frequency used is ap- 
proximately 200 megacycles. It has 
been found possible to pulse a large 
number of radar transmitters in unison 
and to lead their 200 megacycles into 
the same phase by means of a CW trans- 
mitter which maintains continuous 
power in the resonator at a low level 
for a phase reference in the starting of 
the pulsed oscillators. 


Transit Time Difficulties 

It is obvious that there are transit 
time difficulties in the starting of pro- 
tons. These are overcome in this ma- 
chine by using a 4 million-volt Van de 
Graaff generator to produce the pre- 
liminary ion beam and get it to sufficient 
velocity so that transit time in the first 
gaps does not extend beyond a half 
cycle for the 200-megacycle acceleration 
frequency. Electrostatic focusing of 
ions has long been understood and is 
used in the Van de Graaff type of 
machine. However, in the machine 
using radio-frequency accelerating po- 
tential, electrostatic focusing is com- 
pletely overcome if transit across the 


42 


gap requires an appreciable portion of 
the quarter of the r-f cycle when the 
voltage is increasing; therefore, if elec- 
trostatic focusing is maintained in the 
ordinary way, the particles must be 
accelerated while the voltage across the 


gap is decreasing. This requirement 
for electrostatic focusing is directly 
opposed to the requirement of phase 
focusing or bunching—which is a way 
of naming the necessity for the ions to 
cross acceleration gaps in small bunches 
at the proper time in the r-f cycle to 
be in an accelerative field. 


Phase Focusing Principles 

Phase focusing can be understood by 
considering a series of particles coming 
up to a gap while the voltage is increas- 
ing in the proper direction for acceler- 
ation. The particles first to arrive may 
be assumed to have the most energy 
from previous accelerations. Having 
arrived early, they will experience a 
relatively low voltage and gain little in 
velocity. Later particles, which were 
going slower, will receive more energy 
because the voltage has increased and 
so tend to catch up. Thus, these par- 
ticles will tend to bunch up in time and 
hence in phase. 

An inverse argument shows that par- 
ticles arriving when the voltage is de- 
creasing (that is, when electrostatic 
focusing exists) will be scattered in 
phase (and timing) and so will be lost. 
For this reason, it has been suggested by 
Alvarez and his co-workers that electro- 
static focusing should be achieved in 
some manner which does not depend on 
the change of potential during the r-f 
cycle. This can be accomplished by a 
method which is being used in the 
Alvarez machine. 

If a foil is placed across the end of 
the drift shielding tube, which the par- 
ticles are approaching, then the electro- 
static flux lines which come from the 
edge of the opposite drift tube are dis- 
tributed uniformly over this foil and 
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the majority of them will thus converge 
nward. This produces electrostatic fo- 
using regardless of the increase or 
lecrease of the potential during transit. 
However, these foils must be so thin 
that the internal scattering produced on 
the particles passing through them is 
less than the focusing achieved. As the 
energy approaches 100 Mev or more, 
this difficulty disappears since the 
scattering becomes less and less, but at 
lower energies, where the focusing is 
most important, the foils must be ex- 
ceedingly thin to meet this requirement. 
Such foils made of beryllium have been 
produced and it seems likely that they 
will work in the required manner. 

It should be pointed out here that the 
attractive feature of a linear accelerator 
is that a large number of sections can be 
operated in series with a corresponding 
increase in energy of the emergent par- 
ticles. This makes the cost a linear 
function of the final energy. In other 
types of apparatus, the cost increases 
as some higher power of the energy 
and so places a nearer limit on the 
energy that can be practically produced. 
Also, the final energy of the linear ac- 
celerator can be extended when desired, 
while in other types of machines, the 
final energy is fixed from the start. 


Use of Microwaves 

W. W. Hansen and co-workers at 
Stanford; Jules Halpern, A. G. Hill and 
others at M.I.T.; and a group at the 
University of Mexico are also working 
on linear accelerators using microwave 
pulses such as those used in microwave 
radar, as developed in the war. How- 
ever, their devices are intended exclu- 
sively for the acceleration of electrons 
and so will not be discussed further here. 

Many laboratories in this country 
are designing and building huge cyclo- 
trons, some of which exceed the 184-inch 
cyclotron at Berkeley in size and ex- 
pected performance. The University 
of Rochester is building a 130-inch f-m 
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cyclotron which is expected to produce 
250-million-volt ‘protons. This ma- 
chine, being built under the direction of 
George Collins, 8S. N. Van Voorhis, and 
S. W. Barnes, should be in operation 
in afew months. Columbia University 
is also constructing a large f-m cyclo- 
tron in the new Columbia nuclear 
physics laboratory under the direction 
of John Dunning. The Brookhaven 
National Laboratory is planning a 240- 
inch f-m cyclotron under the direction 
of Stanley M. Livingston of M.I.T. 
director of accelerator work at Brook- 
haven. A 90-inch f-m cyclotron is 
under construction at Harvard under 
the direction of Kenneth Bainbridge. 


Betatron, Synchrotron 

Meanwhile, it has been realized that 
the principle of the betatron, in which 
the magnetic field is varied, can be 
applied to heavy particles but is most 
useful if combined with the f-m cyclo- 
tron principle so that the particles re- 
ceive energy from a r-f potential as well 
as from the induced potential of the 
changing magnetic field. This makes 
possible a device known as the ‘‘syn- 
chrotron”’ which has heretofore been 
applied to electrons but, for exceedingly 
high energies, can be applied to heavy 
particles and has the advantage that, 
because of the increasing magnetic field 
during the cycle, the physical diameter 
of the orbit does not change much and 
a relatively narrow band of magnetic 
material is required to produce the field. 
This greatly reduces the amount of iron 
required over that required for an f-m 
cyclotron of the same energy. 

This activity predicts a very bright 
future for nuclear physics and for those 
who are interested in control of nuclear 
power and nuclear forces. Already the 
discovery of the exchange of identity of 
heavy particles from neutrons to pro- 
tons as they pass near other nucleii 
leads one to expect momentarily the 
discovery of negative protons and of the 
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billion-volt gamma rays which would 
represent their annihilation radiation. 
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A. E. C. Releases Reference Lists 


The Research Division of the Iso- 
topes Branch, U. S. Atomic Energy 
Commission, has released two reference 
lists, one on the therapeutic uses of 
P%? and I'*! and the other on the meas- 
urement of soft beta rays. Although 
the bibliographies list many of the use- 
ful and significant papers in these fields, 
they are not presented as compre- 
hensive summaries of all available ref- 
erences. The P*? references are listed 
below. The other two lists will be 
found on p. 53. 
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Derivations of Some Basic Nuclear Concepts 
QUANTUM MECHANICS FOR NUCLEAR TECHNOLOGY—I 


The behavior of a nuclear particle is not usefully explainable 


in intuitive or verbal terms. 


New workers in the field will find 


the formalized concepts discussed here essential tools for 
present applications and future studies in nuclear physics 


By HAROLD BROWN 


Pupin Physics Laboratories, Columbia University 
New York, New York 


THIS ARTICLE WILL PROCEED from the 
basic principles of quantum mechanics 
already discussed * to more sophisticated 
concepts and more advanced results 
often used in nuclear physics. Such 
concepts as statistics, angular momen- 
tum, commutation rules, spin, and 
magnetic moment will be treated, their 
fundamental relations derived, and 
their application in nuclear physics will 
be included where these are sufficiently 
direct. 


Symmetric and Antisymmetric Wave 
Functions 


Quantum mechanies introduces the 
idea that two identical particles are, by 
fact of their identity, indistinguishable, 
for there is no way to ‘“‘tag” identical 
particles so as to tell them apart in an 
experiment. Since the configuration of 
particle 1 at r,; and identical particle 2 
at ry is indistinguishable experimentally 
from the configuration of particle 1 at 
r, and particle 2 at r1, we must have 
P(r1,t2) = P(to,r1). That is, the proba- 
bility of finding a particle at r; and a 
particle at rz is the same as that of 
finding a particle at r. and a particle at 
r1, because the particles are identical. 
We therefore say that the probability 
density is symmetric in the coordinate 
variables of identical particles. 

In other words, |¥(r1,r2)|? = |¥(t2,t1)|*, 
and hence y(fi,f2) = ¥(fori)e™ (two 
complex numbers of the same absolute 
value differ only by a phase factor). 


* See Nucieonics, September, 1947. 
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Since this must be true at all times, the 
quantity 7 must be a constant in time. 
r, and rz are not dependent on 9, and 
by simply interchanging the names of 
the coordinates we get 


¥(fot1) = ¥(riree™ = Y(re,r1)e2"" 


Hence e? = 1, and solving for 7 gives 
either » = 0, e = 1 or 
—1. Thus, either y,(ri,r2) = ¥,(f2r1), 
the symmetric wave function, or 
Wa(f1,f2) = —wWa(fo,F1), the antisymmet- 
ric wave function. Of all the functions 
which may satisfy the wave equation, 
only those which are symmetrical or 
antisymmetrical are admissible. 

The question now arises as to which 
of these two groups of wave functions 
describes the various particles or groups 
of particles actually existing in nature. 
First, all of a given particle, for example 
all electrons, must be described by the 
same type of function, because the 
particles are interchangeable. It has 
been experimentally determined that all 
elementary particles so far investigated, 
including neutrons, protons, electrons, 
and positrons, are described by anti- 
symmetric wave functions. Particles 
described by antisymmetric wave func- 
tions are said to obey Fermi-Dirac 
statistics. Photons, on the other hand, 
are described by symmetric wave func- 
tions, and are said to obey Einstein- 
Bose statistics. The neutrino and 
antineutrino, so far not experimentally 
verified, would be expected to obey 
Fermi-Dirac statistics, while the differ- 
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ent types of mesons would vary in this 
respect. 

The difference between the two kinds 
of statistics obeyed is that no two ofa 
kind of particle obeying Fermi-Dirac 
statistics can occupy the same state 
(that is, have all their quantum numbers 
the same), whereas an indefinite num- 
ber of particles obeying Einstein-Bose 
statistics can do so. 

If there are N elementary particles 
in a system, each obeying Fermi-Dirac 
statistics, interchange of any of the 
N(N —1)/2 pairs changes the sign 
of the wave function. Hence, if there 
are two nuclei, each containing N par- 
ticles all obeying Fermi-Dirac statistics 
and we wish to interchange the two 
nuclei, we interchange one pair of par- 
ticles at a time, for a total of N inter- 
changes, and the total wave function 
(which depends on the coordinates of all 
of the particles) of both nuclei changes 
sign N times. We denote this by 
¥(1,2), where 1 represents the coordi- 
nates of all the particles in the first 
nucleus and 2 those in the second. 
Then 

¥(2,1) = (—1)¥¥(1,2) 
and the wave function describing the 
nucleus is symmetric or antisymmetric 
as the number of particles is even or 


odd. 


Particle Identity Immaterial 


It will be seen that whether the par- 
ticles in each nucleus are identical or 
not is immaterial, so long as each obeys 
Fermi-Dirac statistics. Asan example, 
we may take the deuteron, which con- 
tains one neutron and one proton. To 
interchange two deuterons, we inter- 
change first the protons (changing the 
sign of the wave function which de- 
scribes the two deuterons), and then 
the two neutrons (changing the sign 
back). Thus 
¥(N2,P2; M1,Pi1) = —Y(M2,P1; M,P2) 

+¥(m1,P1; N2,p2) 
where n; stands for the coordinates of 
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the first neutrons, etc., and the deuteron 
is seen to obey Einstein-Bose statistics 
Actually, the fact that the neutron 
obeys Fermi statistics is deduced from 
the fact that the deuteron obeys Bose 
and the proton Fermi statistics. 

The dependence of the type of sta- 
tistics on the number of particles pres- 
ent in the system can be used as a 
disproof of the existence of electrons in 
nuclei. The experimental determina- 
tion of statistics, based on alternating 
intensities in rotational band spectra, 
shows that nuclei of even atomic weight 
obey Bose, and those of odd atomic 
weight Fermi statistics. If there are 
only neutrons and protons in the nu- 
cleus, the nuclei of even atomic weight 
have an even number of particles (thus 
N'* has 7 neutrons and 7 protons for a 
total of 14 particles) and hence obey 
Bose statistics; those of odd atomic 
weight have an odd number of particles 
and obey Fermi statistics. If, how- 
ever, we replace each neutron by a 
proton and an electron, as we would 
have to on the basis of a theory based 
on a nucleus consisting of protons and 
electrons, nuclei of even atomic weight 
and odd atomic number have an odd 
number of particles (N'4 would have 
14 protons, 7 electrons, for a total of 
21) and would obey Fermi statistics. 
That they do not indicates that there 
are no electrons in the nucleus. Other 
arguments in favor of this will be dis- 
cussed later. 


Examples of Functions 

As an example of symmetric and 
antisymmetric wave functions, let us 
consider the of two electrons 
whose interaction with each other is 
small. In this case, we can approxi- 
mate the total wave function of the 
system by the product of two wave 
functions, each a function of the coor- 
dinates of one of the electrons (since 
we have not yet considered spin, we 
will talk only about the spatial coordi- 


case 
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nates). 
for the whole system are 

Vi = o1(¥1) p2(r2) 

Yo = o2(F1) oi (£2) 
These are neither symmetric nor anti- 


Two possible wave functions 


symmetric, hence inadmissible. Since 
the wave equation is homogeneous, its 
solutions may be added with arbitrary 
coefficients to give equally good solu- 
tions. The linear combinations ob- 
tained by addition and subtraction are 
Va o1(T1)b2(f2) — $2(t1)¢1(f2) 
vs = 1(¥1)2(t2) + G2(t1) bi (t2) 
The first of these is antisymmetric in 
the ‘coordinates of the two electrons, 
since interchanging the positions 
changes the sign of the total wave 
funetion. The second is symmetric, 
since changing the positions leaves its 
sign unaltered. Since these are elec- 
trons, only the first wave function is 
admissible. The introduction of the 
concept of spin as an additional coordi- 
nate will allow the possibility of wave 
functions (for elementary particles) 
symmetric in space coordinates, but 
antisymmetric in spin and space coordi- 
nates together. 


Ml 


Angular Momentum 

The angular momentum is conjugate 
to the angle made by the position vector 
of a particle with the polar axis. De- 
noting the angular momentum by 
M(M., M,, M.), it is defined by 
M =r Xp,or 
Mz = ypP. —2pPy, My = 2pz — Zp, 

M, = rpy — yPz 

Let us consider the quantity M,M, 
— M,M,, as applied to a wave func- 
tion. This quantity is known as the 
commutator of M,M,, is often denoted 
by (/.,M,], and in classical mechanics 
would have a value zero, since the 
order of application of the operators 
would be immaterial. This corre- 
sponds to the fact that in classical 
mechanics both quantities can be 
known simultaneously to any degree 
of accuracy. When this occurs, the 
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two quantities are said to commute 
In quantum mechanics, many com- 
mutators are not zero; in such cases, 
the uncertainty relations apply to the 
two quantities of the commutator 
In particular, conjugate quantities in 
quantum mechanics do not commute 
(changing the order of application of 
the operators to the wave function 
changes the result). 

For example, consider the commu- 
tator of px and qi, the momentum 
component in one direction and the cor- 
responding coordinate of a_ particle. 
We evaluate the commutator by apply- 
ing peqe and quepe to a wave function, 
and finding the difference. In classical 
physics, this would be zero. Suppose 
we choose p, and z for definiteness, and 
take for our wave function a plane 
wave in the x direction. Remembering 
the relation (derived in the previous 
article) that p, can be replaced as an 


ha : 
operator by in’ We obtain: 


ax’ 
[p2,z}¥ = (px — xpz)¥ 
ha ha , 
= : ar - z =) (A etpsr wt)) 
_ fh 
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Hence the equation for the commutator 
can be obtained by leaving out the 
wave function on each side, giving 
[pz 2] = h/i. 

Now we can derive the commutation 
rules for the components of angular 
momentum. 

[M.M,] = M.M, — M,M,z 
(yp: — Zpy)(2p2 — 2px) — 
(pz — Lpz)(YPs — Zpy) 
= yp:(p2 — zp.) + pyr(zp. — 
P:2) 
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3 
! i 
and by cyclic permutation 
M,,M,| = — M.;  (M..M,] 
nh 
a4 Ms. 


We abbreviate these as 
h 


Note that in the above derivations, 
quantities such as p:pz, py, ete., could 
have their factors interchanged without 
altering their value, because they com- 
mute, as can easily be seen by applying 
them to an arbitrary wave function. 
For example 


( taal haha 
PsP: ~ PsPs!V ™ 332i a2” 
haha . @ 
a meena ae A me I ores 
1 Ozt OX Ozrd0z 
a 
+ h? — = () 
azax * 
nd ( y aa (ay 
anc y — rp, = = — (zy) 
Py I i ay ¥ 
ha h oz h dx 
—-z->—(~¥) =-r4—-2-— =( 
u oy tb oy a oy 


Properties of Angular Momentum 


We can deduce some properties of 
the angular momentum in quantum 
mechanics by noting its relation to the 
rotation operator. The rotation op- 
erator Q, for rotations about the z-axis 
is defined by 


ke ee 4 7] 
= Ob: | Ode OON 
N 
a VY _@ 
™ La Ibn 
n=1 


where spherical coordinates, as shown 
in the figure are used, and N stands for 
the coordinate of the Nth particle. We 
note first that this operator commutes 
with V, the potential energy, as 


VQS(fike . . . TH) 

= Q,Vf(ri,to, . . . rN) 
with f an arbitrary function. Also 
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2, commutes with the kinetic energy 
T, and henee with 7 = V+ 7. From 
the expressions for x, and y, given in 
the figure above, we see that 


OYn : 
- = Tr, COS >, SIN 0, = Zn 
ODn 
OL» ° in 0 
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and since the z-component of the total 
angular momentum is 
N 


M,= v LnPyn — YuPzn 
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Since M, is a constant multiplied by the 
rotation operator, and the latter com- 
mutes with the total energy, it follows 
that the z-component of angular mo- 
mentum also commutes with the total 
energy (Hamiltonian). This means 
that the eigenfunctions of one are also 
eigenfunctions of the other, and both 
can be known at the same time. For 
example, in the stationary states of the 
hydrogen atom, the energy nh (n is 
the principal quantum number), and 
the z-component of angular momentum 
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re both equal to mh (m is the magnetic 
uantum number). 

The square of the total angular mo- 
mentum M? = M,? + M,? + M,? com- 
mutes with any of the components: 
(M?,M.] = [M?2,M,) = [M?,M,] = 0 so 
that the magnitude of the total angular 

iomentum and any one of its com- 
ponents can be exactly known at the 
same time. If an external field sym- 
metric (for example) about the z-axis 
is introduced, the symmetry is de- 
stroyed and only M, and M? can be 
simultaneously known. 

What is the significance of the fact 
that M,, for instance, commutes with 
the Hamiltonian H even when a field 
in the z direction is introduced? This 
question can be answered by the finding 
of the rate of change in time of the 
average value of an operator Q (repre- 
senting a physical quantity) not ex- 
plicitly dependent on t, so that 0Q/dt 


ee Spe 
di Qav = di / v Qydr 
~ oy* ap OV 
Es J | at OY +¥ om | a 
hi rs J 
But ; ¥ = —Hy and, taking the con- 
h ay* 


jugate of the wave equation, + =e 


= —H*y* = —Hy* since H is real for 


an isolated system. 
d 
gon = % | (viQy — v°QiHy) ae 


= 5 | Qlavew — Q1HvI* ar 


and we see that if Q commutes with H, 
so that QH = HQ, the average value 
of Q, which is the observed value of the 
physical quantity represented by Q, is 
constant in time. 

If there is a field in the z direction, 
only M, and M? commute with H, but 
in the absence of such a perturbing 
field, 1? and all of the components of 
M commute with H and are constant 
in time. This, however, does not mean 
that they are all exactly known, because 


NUCLEONICS - November, 1947 


the components do not commute with 
each other. 

In a field (say a magnetic field), we 
can show that MM? is constant at its 
eigenvalue /(l + 1)f?. M, is constant 
at some value mh where m can be any 
number from —/ to +l. The z and 
y components of M are not exactly 
known, and in the case of a magnetic 
field in the z direction, vary in time. 
This can be understood schematically 


z ’ Direction of 
magnetic field 








‘ 


as shown above where the vector M 
precesses about the direction of the 
magnetic field with a frequency given 
by the well-known Larmor precession. 
We do know that M,2+M,? = 
M? — M,* = [{l(l +1) — m*|h?. Where 
there is no magnetic field, there is no 
precession of M about the z-axis, and 
hence M, and M, are constant in time, 
but still undetermined to the above 
extent. M,, for instance, can have any 
value from zero to +/I(l + 1) — m?h, 
and similarly for M,. There is one 
exception to this indeterminacy; that 
is the case when the total angular 
momentum is zero (1 = 0) and all three 
components are simultaneously known 
(and zero). 

These relations for angular momen- 
tum hold for any quantum mechanical 
system, atomic or nuclear, though the 
interaction among nuclear particles is 
much more complex. 


Parity 
A property having a great deal to do 
with the angular momentum and often 
mentioned in discussing nuclear reac- 
tions is the parity of a given state of a 


49 








HBO: 











nucleus. The parity of a state is said 
to be even or odd according as the 
wave function is an even or an odd 
function of the coordinates; that is, if 
the wave function for the nucleus (or 
other system) changes sign when gz, y, z 
are replaced by —z, —y, —z, it is said 
to be odd, if it does not change sign it 
is said to be even. Since, for the case 
of a particle in a central field, the wave 
function contains the term r! where r is 
the radius vector, changing the sign of 
r (and thus of z, y, and z) will change 
the sign of the wave function if 1 is 
odd, and not change it if / is even, the 
parity of the wave function of a particle 
is odd or even according as the orbital 
angular momentum quantum number 
l is odd or even. For a number of 
particles, we can in a first approxima- 
tion replace the total wave function by 
the product of those of the individual 
particles, and it is easily seen that in 
this case, it will be the sum of the indi- 
vidual orbital angular momenta which 
determines parity. Thus if the total 
orbital angular momentum quantum 


number L = yu is even, the nucleus 
‘ 


has even parity, if it is odd, the nucleus 
had odd parity. 

Thus, rules regarding changes of 
parity in nuclear reactions are analagous 
to the classical rules concerning con- 
servation of angular momentum, and 
when a table of nuclear reactions shows 
that the parity of the nucleus must 
change when a gamma ray is given off, 
it means that the photon has carried 
off a quantity of angular momentum 
equal to an odd multiple of & (as in the 
so-called “dipole” radiation, which has 
angular momentum fh). 


Particle and Nucleus Spin 


Intrinsic angular momentum (spin) 
of the electron was postulated by 
Uhlenbeck and Goudsmit to explain cer- 
tain discrepancies in atomic spectra 
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and to complete the quantum-mechan 
ical theory of the periodic table. To 
explain the multiplicity of levels in th: 
alkalis and the number of electrons al- 
lowed in a given shell, another degree 
of freedom (in addition to the three 
space coordinates) having only two pos- 
sible values of the corresponding coordi- 
nate, is required. It must possess the 
properties of an angular momentum, 
because the multiplicity of optical levels 
depends on the total angular momen- 
tum number. The spin angular mo- 
mentum is found to have a component 
s, =h/2 along a given axis. The 
value of the spin and magnetic moment 
of the electron is theoretically derivable 
from the Dirac relativistic quantum 
mechanics. 

The intrinsic spin and magnetic 
moment of elementary particles seem 
to have no adequate classical explana- 
tion (the treatment of the electron as a 
spinning charged body of finite size 
does not give satisfactory results) and 
are hence purely quantum-mechanical 
phenomena. This new concept can be 
integrated into the previously described 
system by writing the wave function 
for an electron ¥(xyzst), s = +4, or 
else by using two wave functions 
of the coordinates and time, with 
spin 14 and —W, respectively. We 


represent this by a  one-column 


two-row matrix y = ue | |wat4l? 
is the probability of finding the electron 
at r with spin component +1} in the z 
direction, and |_|? that of finding it 
there with spin component —1y. The 
spin components oz, gy, o2 Where 
s =¢6h can also be represented as 
matrices which obey the angular mo- 
mentum commutation rules (since spin 
has the properties of angular momen- 


tum) [¢ X 6] = — te when the usual 


rules of matrix multiplication are used. 
A possible representation is 
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These are known as the Pauli spin 
matrices. A similar formulation is 
often used in theoretical nuclear physics 
meson theory) to represent “isotopic 
spin,”’ that is, whether the nucleon is 
in the neutron or proton state. We 


note thate, = 4 (5 a et = 


loyit4 : 
Aoi ‘), etc. s* has eigenvalues 
ma) Y—72 


Q 
i 


Gg, = 


34h? [that is, s(s + 1)f? with s = 4 the 


spin quantum number]. Thus, s is 


/3 
said to have a magnitude SA. 8, 


nh : 
t 5 showing that the 


component of spin along the z-axis is 
+15. The uncertainty relations and 
vector model for spin angular momen- 
tum is similar to that for orbital angular 
momentum. 


has eigenvalues 


Optical Spectroscopy Notation 


It might be well to describe here a 
notation carried over into nuclear 
from optical spectroscopy. 
This is for situations in which the coup- 
ling (interaction among particles) is 
such that there is a total orbital angular 
momentum L obtained from the sum of 
those of individual particles, and a total 


physics 


spin S = ys similarly obtained. The 
i 
total angular momentum J=L+S 
(Russel-Saunders coupling). Suppose 
we have two electrons whose spins add 
to give S = 1. Suppose their orbital 
angular momenta are 0 and 1, giving a 
total of 1 (units of %). This state is 
denoted by *P2, *P1, or *Po, depending 
on the relative orientation of L and S. 
The superscript represents 2S + 1, the 
“multiplicity,” so} called because in 
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atomic spectra it often gives the number 
of energy levels. The subscript is the 
value of J, and the letter stands for the 
orbital angular momentum quantum 
number (the sum of those for the indi- 
vidual particles); S stands for 0, P for 
1, D for 2, F for 3, etc. The above 
situations are represented in the vector 


model below. In the diagram, the 
S+| 
S| “| “if }se 
we i> ttt 
Ls! Jl J#0 
. 3 
50 “P, Po 
actual lengths of the vectors are 


J(J +1), ete., and have been abbre- 
viated by giving the quantum numbers. 

The spin of the proton, neutron, and 
various nuclei is determined by the 
hyperfine structure of optical spectra, 
molecular and atom beams, or band 
spectra, and it is found that neutrons 
and protons each have a spin 4 (spin 
angular momentum #/2). Thus, for 
the interaction of neutron and proton, 
we have the states °S,, where the spins 
are parallel but there is no total orbital 
angular momentum, and ‘So where 
the spins are antiparallel. The former 
(triplet) is the ground state of the 
deuteron, the latter is a virtual level 
(having a small negative binding 
energy). 

A case in which the spin considera- 
tions can be used is that of the two 
forms of the hydrogen molecule, ortho- 
hydrogen and parahydrogen. In the 
case where the two spins are parallel, 
we have a total spin 1 for the molecule, 
and have orthohydrogen. If the two 
spins are anti-parallel, the total spin of 
the molecule is 0, and we have parahy- 
drogen. The scattering of neutrons by 
the two forms is very different, because 
of the spin dependence of the interac- 
tion. The wave functions describing 
the states of hydrogen molecule spin 
are as follows: ¥ (both particles) = 
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dspinyr,d,¢ approximately. If the quan- 
tum number 7 is even, y is symmetric, 
if j is odd, antisymmetric. Since v 
must be antisymmetric, spin is sym- 
metric for odd j, antisymmetric for 
even j. The spin states are as follows: 
¢s,* represents (Ist particle), .,~ 
represents | (1st particle) ete. 

oI = ds; | |; ou = be, ton; | T; 
¢ut = os, ¢0; |);  o1v = o0,-¢s,* | T 
¢u is symmetrical, du is antisymmet- 
rical. @; and @ry can be added or sub- 
tracted to give ¢1 + ¢rv (symmetrical) 
and ¢1 — ¢ry (antisymmetrical). Since 
j values can be odd or even, we can have 
either spin configuration. There are 
three functions for symmetrical spins, 
and only one for antisymmetrical; 
orthohydrogen is therefore three times 
as frequent as parahydrogen, because 
any wave function of approximately 
the same energy has the same proba- 
bility of occurrence. 


Magnetic Moment 


On classical grounds, we would expect 
that an electron revolving in an orbit 
would have a magnetic moment, that is, 
behave like a tiny magnet and interact 
with external magnetic fields. This is 
also the case in quantum mechanics, 
and the result for the ratio between 
magnetic moment and the orbital 
angular momentum which causes it is 
now to be derived. Consider an elec- 
tron revolving in an orbit as shown 
below assuming circularity for sim- 
plicity. The area of the orbit is A, 
and f is the frequency with which the 


e,m 
Electron in x-y plane 


y 


M is opposite to 
z direction of revolution 
oT because e is negative 


electron circles it. According to clas- 
sical electrodynamics, the magnetic 
moment p = JA where / is the current 
flowing around the circuit (in this case 


the orbit). Here J is < f (c is the 


velocity of light, e is negative). The 
orbital angular momentum M = lh = 
2mA (m = mass of electron). 


Since A = Af, 
vu =JA=-fA = 
— se 
2mc 2me 
Since / has integral values, it appears 
that magnetic moment for electrons 
exists in units of eh/2mc, which quan- 
tity is denoted by wo and is known as 
the Bohr magneton. The ratio of the 
magnetic moment in units of the Bohr 
magneton to the angular momentum 
(orbital) in units of the coordinates is 
seen tobe one. The energy of a revolv- 
ing electron in a magnetic field due to 
the field is then given by the usual 
formula 
Energy (magnetic) = —u-H 

There is also a magnetic moment as- 
sociated with the spin angular momen- 
tum, but its value is not what one would 
expect from the fact that the spin 
angular momentum is h/2. Instead of 
a magnetic moment of !4yo, the electron 
spin has associated with it a magnetic 
moment yo. This means that the 
“g-value”’ (the ratio mentioned above) 
has a value 2 for spin and 1 for orbital 
angular momentum of the electron. 
This “anomalous magnetic moment” 
of the electron has been explained by 
the Dirac quantum theory. 

The neutron and proton also have 
magnetic moments associated with their 
angular momenta. The unit used is 
the nuclear magneton, having a value 
eh/2Mc where M is the mass of the 
nucleon. It is found, however, that 
there is no simple relation between the 
neutron and proton spin (each h/2) 
and their magnetic moments, which are 


November, 1947 - NUCLEONICS 














Perr meres 









’ 
4 








A Ne per BORN 


nig AOAC RIE Then: Sr 


mae 





espectively —1.935 and 2.785 nuclear 
magnetons respectively (the negative 
sign denotes a magnetic moment 
ppositely directed to the spin). To 
explain these values is one of the chief 
problems of subnucleonic theories. 

More extended discussions of the 
topics covered in this article (some ap- 
proached from a different point of view) 
may be obtained in the following ref- 
erences mentioned in a previous article 
(see NuCLEONICs, September, 1947): 

1. Einstein-Bose and Fermi-Dirac 
statistics—Kramers, p. 313-320; 


“Handbuch der Physik,”’ (Pauli article), 
p. 188-200; Kemble, p. 303-305, 335- 
341. 

2. Commutation rules and operators 

Kramers, p. 145-153, 100-111; 
Kemble, p. 278-286, 334. 

3. Angular momentum and parity— 
Kramers, p. 166-178; “Handbuch,” p. 
176-185; Kemble, p. 224-234, 313-317. 

4. Spin and magnetic moment— 
Kramers, p. 225-254, 257; ‘‘ Handbuch,” 
(Pauli article), p. 186-188, (Bethe ar- 
ticle) p. 301-311, including Dirac 
theory, 392. 
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Original Research 








Preparation of C'-labeled Hydrogen Cyanide, 
Alanine, and Glycine’ 


The important problem of introducing carbon nuclides into 
complex molecules has been advanced by an improved 


synthesis of C'-labeled hydrogen cyanide. 


This synthesis 


can be used to prepare carboxyl-tagged alanine and glycine 


By ROBERT B. LOFTFIELD 


Radioactivity Center, Massachusetts Institute of Technology 
Cambridge, Massachusetts 


BESIDES CARBON DIOXIDE itself, the 
most frequently used compounds for 
introducing a new carbon atom into a 
molecule are probably the cyanides. 
Carbon-13 is fortunately available as 
hydrogen cyanide but, to date, radio- 
active carbon-14 can be obtained only 
as barium carbonate. The only con- 
version of carbonate to cyanide adapted 
for work with isotopic carbon has been 
described by Cramer and Kistiakowsky 
(1, 2). At best, yields of 40% to 70% 
were obtained and other workers have 
had difficulty in doing even as well. 
Accordingly almost every possibility 
for the synthesis of cyanide from car- 
bonate has been investigated in some 
degree. With Cramer (2), a quanti- 
tative conversion of charcoal to hydro- 
cyanic acid was obtained on heating the 
carbon to near-white heat in a stream 
of ammonia. Attempts to obtain iso- 
topic elementary carbon were essenti- 
ally fruitless, however. For instance, 
heating ordinary charcoal to 1100° C 
twelve hours in an atmosphere of CO, 
resulted in an insignificant degree of 
exchange. Some cyanide was formed 
from the reaction of barium carbonate 
and magnesium powder in a stream of 
ammonia. This reaction was violent 
and impossible to control and, when 
run in a sealed tube, gave a low-yield. 
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An encouraging lead appeared with 
the passing of a mixture of ammonia 
and carbon dioxide through a quartz 
tube heated to 1200° C. The first six 
preliminary experiments produced am- 
monium cyanide in yields approaching 
30%. Since then, however, no adjust- 
ment of conditions, not even the con- 
struction of completely new apparatus, 
has produced more than a 5% conver- 
sion to cyanide. 

Ammonia and carbon dioxide were 
recycled through a hot tube at temper- 
atures from 500° C to 1200° C with only 
discouraging results. The compounds 
reacted to form cyanide in the presence 
of the heated filament from a 100-watt 
light bulb to the extent of only 1% 
during 24 hours. 

It was obviously necessary to return 
to Cramer and Kistiakowsky’s syn- 
thesis. Every factor was varied in- 
cluding time, temperature pressures of 
ammonia and carbon dioxide, and the 
nature and physical form of the re- 
ductant. In addition, solid barium 
carbonate was tried as the source of 
carbon. The reactants were sealed in 
glass tubes of varying volumes and 
placed in an electrically heated furnace. 
After cooling, the tubes were chilled in 





* This research was supported in part by Con- 
tract N5 ori-78, U. 8S. Navy Department. 
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TABLE | 











Conditions Metal Form Yield 

1 mmole CO: 0.8 g K Undistilled chunks 40% 
2 mmole NH; 620° C Distilled, but undispersed 48% 
14 cc tube 15 min Thin mirror 96 % 
1 mmole CO: 0.6 g Na | Undistilled chunks 25 % 
2 mmole NHs3 620° C Distilled, but undispersed 41% 
14 ec tube 15 min Thin mirror 69% 
1 mmole CO: 1.0 s K Distilled, but undispersed 21% 
2 mmole NHz3 540° C : Sha 

: Thin mirror 43 % 
41 cc tube 20 min 





liquid nitrogen and opened with a small 
oxy-gas flame. Generally there was 
some internal pressure. 

The excess metal and metal hydrides 
were decomposed with alcohol or water 
and boiled briefly in wacuo. The 
hydrogen cyanide was then generated 
with formic acid in racuo and collected 
in a liquid nitrogen trap from which it 
was distilled into a flask containing 
10 ce of 0.100N AgNO;. One-tenth 
normal ammonium thiocyanate was 
used to estimate the excess AgNO; with 
a ferric ammonium sulfate indicator. 

Calcium, lithium, magnesium, so- 
dium, and potassium were used as 
reductants under a variety of con- 
ditions. Freshly cut calcium heated 
with ammonia and carbon dioxide gave 
only 1-5% of cyanide even after 24 
hours at 600°. Lithium showed prom- 
ise, yielding 30% HCN from CO; in 15 
minutes at 550°. This metal, however, 
has an extremely deleterious effect on 
glass at this temperature so that it was 
given up after only a few experiments. 
Magnesium reacted violently on heating 
with ammonia and carbon dioxide, but 
carbide (as judged by the smell of 
acetylene in the hydrolysate) appeared 
to be the chief product. Sodium and 
potassium appeared to be very similar 
in their reactions. It seems probable 
that conditions could be found where 
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sodium is as satisfactory as potassium. 
However, under the optimum con- 
ditions for potassium, sodium lags by 
about 20-30%. 

A major effect was found in the 
physical distribution of the metal. 
Under otherwise identical conditions, it 
is observed that the yield is significantly 
raised if the metal is spread out in a 
thin mirror over the whole surface of 
the tube. See Table 1. 

Hansley and Carlisle (3) have re- 
marked on the value of “soaps” such as 
sodium phenanthrene and sodium an- 
thracene in dispersing sodium in the 
synthesis of sodium hydride. A single 
experiment was performed with a 
few milligrams of phenanthrene added 
to the metal. The results were not 
encouraging. 

The pressure of carbon dioxide ap- 
parently is a considerable factor. 
Thus under otherwise similar conditions 
one finds: 





TABLE 2 
Initial Initial 
Pressure Pressure Yield 
of NH: of CO: of 
Other Conditions (atmos.) (atmos.) HCN 


0.6 0.2 trace 
.35 20% 
5 35% 
.6 43% 
.8 60 % 





540° C 
1.0 g K mirror 
20 min 


aero 


Concogm 
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On the other hand, the ammonia 
pressure appears to be less critical; 
there may even be a disadvantage to 
using more than a two-fold excess: 








TABLE 3 


Mmole 
Other Conditions NH; Yield 





1.0 mmole CO: 540° C 40 217 
0.8 g K mirror by 26 he 
30 min 70 ce tube as iis 
1.0 mmole CO:z 620° C 40 90% 
0.8 g K mirror : 0 96 % 
20 min 14 ce tube ais — 





Like Cramer (2) we observed that a 
rather irregular fall in yield took place 
with heating more than thirty minutes. 
At the higher temperatures used here, 
yields appeared to reach their maximum 
within ten or fifteen minutes after 
temperature was attained. 

Yields were improved appreciably by 
heating at 600—620° C instead of 525° 
previously recommended. Heating at 
640° caused some recession in yield. 








TABLE 4 
Temper- Yield 
Other Conditions ature HCN 
1.0 mmole CO:2 20 min 525°C 61% 
2.0 mmole NHs 14 ce 620° C 96% 
tube 
0.8 g K mirror 640°C 80% 





Three runs were undertaken using 
1.00 mmole of BaCQ; in place of COs. 
Under conditions which might have 
given 70%, only 25% yields of HCN 
were obtained. 

Using the optimum conditions as 
determined above, the cyanide is 
generally formed in 90-96% yields with 
occasional runs as low as 75%. 

Alanine was synthesized by the 
method described in Organic Syntheses 
(4) with obvious modifications dictated 
by the quantities and properties of the 
materials involved. 

Glycine was prepared from formalin, 
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hydrogen cyanide, and ammonium 
hydroxide through methyleneamino ace- 
tonitrile (5) and amino acetonitrile 
hydrogen sulfate (6). 

Radioactivities were determined by 
the gas filled counter technique de- 
scribed by Miller (7). 


Hydrogen Cyanide 


Kight-tenths of a gram of clean 
potassium was wiped with a dry towel 
and dropped to the bottom of a nitrogen 
filled Pyrex tube 10 by 400 mm. A 
constriction was then quickly made 
about 4 cm from the top and the tube 
was evacuated to 0.01 mm Hg through 
flexible rubber tubing. Before melting 
the potassium, the whole tube was 
brushed with a hot flame to remove as 
much residual mineral oil as possible. 
The potassium was then melted and the 
still warm tube was shaken horizontally 
to distribute the potassium throughout 
its length. When cool, the tube was 
clamped in a horizontal position and 
individual spots of the lower surface 
were heated with a tiny flame while the 
other surfaces were cooled with a wet 
cloth. With practice, a mirror cover- 
ing 95% of the inner surface is obtained. 

The carbon dioxide from 8.50 mg of 
BaC'O; (ca. 3-6%; ca. 85 we) and 
179 mg BaCOs;, and 2.0 mmole of NH; 
were condensed in the reaction tube 
with liquid nitrogen. The tube was 
sealed off at the constriction and placed 
in a steel bomb tube. 

By keeping the nichrome-wound 
furnace at red heat, the steel bomb tube 
and the pyrex tube inside it could be 
brought to 620° C in eight minutes 
(determined in “dry runs” with a 
Chromel-Alumnel thermocouple) and 
then held at that temperature by re- 
ducing the input voltage. After twelve 
minutes more, the steel tube was re- 
moved, cooled, and opened. The Pyrex 
tube was chilled in liquid nitrogen and 
the (generally) small residual pressure 
released by heating with a hot flame. 
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The small amount of unreacted metal 
ind the hydrides were decomposed with 
ethyl aleohol and water. The suspen- 
sion was transferred to a generating 
flask on the vacuum line. The alcohol 
ind dissolved gases were removed in 
vacuo, formic acid was added and the 
hydrogen cyanide was distilled into a 
trap along with about 1 ce of water. 
With inactive COs., the yield here is 
00-96%, average 92%.) 


Alanine 


The HCN was transferred to a re- 
action flask along with 4 mmole of 
NH; and 2 mmole acetaldehyde and left 
overnight. Then 4 cc of 40% hydro- 
bromic acid was added and the solution 
boiled to a paste over four hours. The 
paste was stirred at —40° C with 3 ce of 
methyl alcohol and filtered, then washed 
once with 2 ce of methanol. The solu- 
tion was neutralized with ammonium 
hydroxide and 0.30 g of ordinary alanine 
added with heating. On cooling, 0.27 g 
of carboxyl-labeled alanine with activity 
10 ue/mol separated, was filtered, and 
recrystallized m.p. 250° (dec.); m.p. 
authentic pure sample 250° (dec.). 
Over-all yield based on CO; ca. 35%. 
More alanine was available in the 
mother liquors. 


Glycine 

Hydrogen cyanide was prepared as 
above from 10.1 mg BaC"O; (3-6%; 
ca. 100 we) and 185 mg BaCO;. This 
was distilled into a centrifuge tube con- 
taining 1.0 ec 40% formalin (ca. 12 
mmole), 0.30 g ammonium chloride, and 
0.06 g potassium hydroxide. The 
vessel was warmed to 0° C for twenty 
minutes, chilled in liquid nitrogen while 
0.13 g of ordinary potassium cyanide in 
0.7 ce of water was added. After 
twenty minutes more at 0°, the vessel 
was again frozen to receive 0.19 cc of 
acetic acid and 0.13 g of potassium 
cyanide in 0.7 cc of water. After 
standing one hour at 0°, the tube was 
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centrifuged and the solid material 
washed by decantation. Ordinarily 
methyleneamino acetonitrile was ob- 
tained here in 60-65% yield. 

The dry crystals were dissolved in 
3 ce of hot ethyl alcohol, the tube was 
cooled to 10° C and 0.18 ce of sulfuric 
acid in 1 ce of ethyl alcohol was added. 
After the addition of 5 ce of ethyl ether, 
the mixture was chilled at 0° one hour 
and the crystals of amino acetonitrile 
hydrogen sulfate separated by centri- 
fuging, decanting, and washing with 
ether. The yield in this step was 
90-91%. 

One cc of sulfuric acid in 2 ce of water 
was added and the solution heated on 
the steam bath for six hours. Satu- 
rated barium hydroxide solution was 
added almost to neutralization, then 
barium carbonate. Centrifuging and 
decantation gave a clear solution which 
was evaporated to 0.7 ce. One and a 
half ce of ethyl alcohol was added and 
crystals of glycine appeared which, 
after one recrystallization, weighed 200 
mg and showed activity of 17 we/mmole; 
yield in this step ca. 85%, over-all 
yield ca. 45% 


Summary 
An improved synthesis of C"- 
labeled hydrogen cyanide has been 
developed and applied to the prepar- 
ation of carboxyl-tagged alanine and 
glycine. 
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PHOTOMULTIPLIER RADIATION DETECTOR 


This instrument consists of a multiplier phototube arranged to 
register scintillations produced in a fluorescent screen by indi- 


vidual quanta of X-rays or nuclear radiations. 


Though effi- 


cient only for narrow beams of radiation, this simple, 


rugged device has 


high speed and wide sensitivity 


By J. W. COLTMAN and FITZ-HUGH MARSHALL 


Westinghouse Research Laboratories 
East Pittsburgh, Pennsylvania 


THE PHOTOMULTIPLIER radiation de- 
tectort is a new type of detector for 
the registration of individual particles 
or quanta of ionizing radiations. Its 
field of application is similar to that of 
the familiar Geiger-Miiller counter, and 
for many purposes the high counting 
speed, tremendous range of sensitivity, 
and high intrinsic efficiency of the new 
detector makes it superior to the Geiger 
counter. 





* Presented at the National Electronics Con- 
ference, Chicago, Iil., this month. 

+ Fitz-Hugh Marshall, J. W. Coltman, Phys. 
Rev. 72, 528 (1947). 


The device has been used to record 
as pulses the individual quanta of alpha 
rays, beta rays, gamma rays, high-speed 
ions, neutrons, and X-rays down to as 
low as 8 kilovolts. 

Shortly after the discovery of radio- 
activity, Lord Rutherford observed 
scintillations due to nuclear radiations. 
A single alpha particle, bombarding a 
zinc-sulfide fluorescent screen, produces 
enough light to be recognized by the 
eye as a flash. However, no success 
was ever obtained with other types of 
radiation. With the eye replaced by 


a sensitive phototube of the multi- 
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plier type, and with an optical system 
uranged to collect as much light as 

ssible, the sensitivity of the method 
has been increased by several orders of 
magnitude, and it has become possible 
to detect the quantum flashes from the 
many types of radiation listed on the 
previous page. 

The photomultiplier radiation detec- 
tor consists only of a commercial mul- 
phototube, a small piece of 
commercial fluorescent X-ray screen, 
ind a mirror. It has been found satis- 
factory to use an RCA 931-A tube and a 
Patterson-D fluorescent screen, a zinc- 
sulfide phosphor. Neutron detection, 
which has been performed by Kuan- 
Han Sun at the Westinghouse labora- 
is accomplished by mixing a 
boron compound with the fluorescent 
Slow neutrons interact with 
the boron, causing the emission of alpha 
particles, which then are detected in 
the usual way by the phosphor. 

The left figure (p. 58) the 
phototube with the eighth-inch piece 
of fluorescent screen attached on the 
outside of the envelope in line with 
photosensitive surface. On the 
right, the mirror is shown in place. 
This mirror serves to gather light from 
the fluorescent sereen and direct it to 


tiplier 


tory, 


powder. 


shows 


the 
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the most sensitive part of the photo- 
cathode. A hoie is drilled through the 
mirror to admit the radiation. Since 
room light must be kept out of the 
phototube, it is convenient to cover 
the hole in the mirror with an ultra-thin 
foil of evaporated aluminum and coat 
the remaining part of the mirror and 
tube with black paint. The foil can 
be so thin as to pass even alpha and 
beta rays without appreciable loss of 
energy. 

The diagram in Fig. 1 shows the con- 
struction of the detector in greater 
detail. The radiation (for example, an 
alpha particle) enters the window and 
causes a scintillation within the fluo- 
rescent screen. The rays of light from 
this flash are collected by the light- 
gathering mirror and focused upon the 
sensitive area of the photocathode of 
the.multiplier tube. The mirror might 
ideally be thought of as ellipsoidal, with 
the fluorescent and the most 
sensitive point on the photocathode at 
conjugate foci. As yet, only a spheri- 
cal mirror, cut from the bottom of a 
Corning T-10 D-1 glassblower’s stock 
bottle and with evaporated 
aluminum, has been used. With this, 
the total light reaching the photo- 
-athode is about five times greater than 


screen 


coated 





Detailed construction of detector 
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could be achieved without the mirror. 
Since the incident quanta of all the 
radiations for which the detector is used 
have large energies in comparison with 
photons of light, and since the efficiency 
of the fluorescent screen in converting 
these radiations into light is high, each 
incident quantum of radiation results in 
a very large number of photons of light. 
Although the quantum efficiency of the 
photocathode is only about 10%, an 
appreciable number of photoelectrons 
are ejected from the photocathode for 
each quantum of detected radiation. 
From the cathode on, the pulse is 
amplified according to the familiar sys- 
tem of the multiplier phototube. Each 
photoelectron is swept by a hundred- 
volt potential difference to the first 
dynode, where it ejects four or five 
secondary electrons. turn, 
are swept to the second dynode and are 
similarly multiplied by secondary emis- 
sion amplification. After the process is 
continued through nine such stages, an 
avalanche of a million electrons, more 
or less, appears at the output of the 
multiplier tube as the result of each 
input photoelectron. This amplifica- 
tion is almost totally free of external 
electrical or magnetic pickup. The out- 
put pulses of the tube are sufficient to 
operate directly the amplifier of an 
oscilloscope, though it is preferable to 


These, in 


introduce intermediate stages. 


Evolved from X-ray Detector 

The photomultiplier radiation detec- 
tor has been evolved from the photo- 
multiplier X-ray detector, which is 
similar in construction except that the 
light-gathering mirror is not included. * 

This earlier detector had previously 
been thought of as being primarily a 
simple, rugged instrument, but one 
which was hardly suitable for precision 
work in the laboratory. It had been 


Marshall, J. W. Coltman, 
18, 504-513 


* Fitz-Hugh 
L. P. Hunter, Rev. Sci. Instr. 
(1947). 
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used, for example, as an X-ray exposur: 
meter in commercial photofluorographic 
units. Careful measurements revealed, 
however, that the sensitivity was so 
excellent that, under proper conditions 
one or more photoelectrons might be 
expected at the photocathode as a re- 
sult of each incident quantum of X- 
radiation. Thus, even without addi- 
tion of the light-gathering mirror, it ap- 
peared that each incident quantum con- 
tributed to the response of the detector 


Tube Has Dark Current 

The photomultiplier tube itself has a 
dark current which is caused by the 
thermal emission of electrons from the 
photocathode and from the succeeding 
dynodes.t On an _ oscilloscope, this 
emission may be observed at the output 
of the tube as a series of pulses, each 
caused by a single electron leaving the 
Moreover, these pulses vary 
widely in amplitude due, among other 
things, to the statistical nature of the 
secondary emission amplification. An 
indication of the distribution spread is 
suggested by the observation that, with 
one tube used, out of 20,000 pulses pet 
second having an observed height of one 
millimeter or more on an oscilloscope, 
15 per second were more than 60 milli- 
meters high. It is evident that under 
these circumstances it is necessary that 
means for distinguishing signal pulses 
from dark current pulses be examined 
carefully. There are five obvious meth- 
ods of enhancing this distinction: 

1. Selecting those photomultipliers 
having a minimum of dark cur- 
rent and a maximum cathode effi- 
ciency, i.e., a high signal-to-noise 
ratio 

2. Using the most efficient phosphor 
available 

3. Collecting as much of the light as 
possible on the sensitive portion of 
the cathode 


+R. W. Engstrom, J. Optical Soc. Am. 37, 
420-431 (1947). 
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4. Cooling the tube to very low 
temperatures to reduce thermal 
emission 

5. Adjusting the frequency charac- 
teristics of the amplifier for opti- 
mal results 

The commercially available photo- 

multipliers which are of interest for this 
pplication are the 931-A and 1P21. 
These tubes are identical in construc- 
tion, the 1P21 being a Selected tube. 
The 1P21 has, in the past, been selected 
by the manufacturer more on the basis 
of sensitivity than on signal-to-noise 
ratio and is therefore not necessarily 
superior to the 931-A for use in the 
radiation detector. The signal-to-noise 
ratio varies widely from tube to tube. 
Of fifty tested, only about 
fifteen were considered good enough 
The signal-to- 
noise ratio is a function of the voltage 
applied to the dynodes, and it is usually 
advisable not to exceed 80 volts per 
stage. 


tubes 


for radiation detectors. 


Phosphor Screen 

A silver-activated zine-sulfide phos- 
phor, fluorescing in the blue region, 
appears to be the most efficient for the 
purpose at hand. The Patterson-D 
X-ray manufactured by the 
Patterson Screen Division of the E. I. 
du Pont de Nemours and Company at 
Towanda, Pa., fulfills most of the re- 
quirements. The decay curve for this 
phosphor is complex, and consists of at 
two periods.* Apparently, the 
period which predominates is deter- 
mined by the degree of excitation, and 
the decay time for a pulse due to an 
alpha particle is considerably less than 
that due to a beta or gammaray. The 
alpha-particle pulse is essentially com- 
plete in 5 microseconds, while a beta-ray 
pulse lasts about 25 microseconds. The 
pulse decay time is, of course, also a 
function of the phosphor used; for in- 


screen, 


least 


* Fitz-Hugh Marshall, J. Applied Phys., 
18, 512-518 (1947). 
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stance, an alpha-particle pulse from 
RCA 33Z20A phosphor is essentially 
complete in less than one microsecond. 

The spherical mirror shown in Fig. 1 
focuses most of the light emitted from 
one side of the phosphor onto the photo- 
cathode. For radiation that is easily 
absorbed by the phosphor, the light 
from the screen is emitted primarily 
from the face toward the mirror. The 
fact that the of the 
cathode is only 5 X 12 mm, and that 
the magnification of the mirror is about 
two times, limits the phosphor size to 
roughly 2.6 X 6mm. _ For broad-beam 
work, this small collecting area, of 
course, sets a limit to the intensity of 
radiation which can be conveniently 
For this reason, the device 


sensitive area 


measured. 
is considerably less sensitive than the 
Geiger counter for broad-beam work. 

Since the dark current arises from 
thermal emission, it may be reduced to 
negligible proportions by cooling to liq- 
uid air temperatures (see ref., p. 60, col. 
2). This procedure, though very effee- 
tive, is often impracticable and always 
inconvenient. Present studies have 
shown that it is possible by means of the 
other four methods to use the tubes with 
good results at room temperature in 
spite of the dark current, and, except 
in a few instances, it is not expected that 
cooling will be resorted to. 


Circuit Analysis 

The circuits following the photo- 
multiplier deserve careful consideration. 
The photomultiplier itself is capable of a 
resolving time of about 10~* seconds, 
the limit being set by the variable 
transit time of the electrons in the 
amplification process. If one could ob- 
serve the output of the photomultiplier 
on an oscilloscope with this resolution, 
the signal from a single incident par- 
ticle would be seen to consist of a group 
of pulses, each pulse representing the 
release of a single photoelectron from 
the cathode by a light quantum. The 


61 














phosphor does not release the light 
quanta instantaneously, but rather over 
a period of time, the rate of release 
being maximum at the beginning and 
tapering off according to the law of 
decay of the phosphor. This decay law 
is not, in general, exponential for the 
zine-sulfide phosphors, but for purposes 
of calculation it is sufficient to approxi- 
mate it by an exponential with time 
constant r. 

It is the function of the circuits fol- 
lowing the photomultiplier to recognize 
this group of pulses as being due to an 
incident particle, and distinguish it from 
the dark-current pulses which are, in 
general, spaced much further apart. 
The simplest means for doing this, and 
the one which has been used in these 
studies, consists in reducing the resolu- 
tion of the output circuit so that the 
pulses of the group intermingle and add 
to form a large pulse which may be dis- 
tinguished from the dark-current pulses 
on the basis of its height. The dis- 
tinction is, however, always more or 
less uncertain because of the afore- 
mentioned statistical distribution of the 
heights of dark-current pulses. 

The integrating circuit is comprised 
of the load resistor R, of Fig. 2 together 
with the stray capacitance C, of the 
associated circuit elements. This ca- 
pacitance is charged by the output 


current of the photomultiplier, and dis 
charged by the resistor Ri, giving volt- 
age wave forms on the grid of the 
pentode as shown by ‘‘a” and “b” of 
Fig. 3 for a single dark current pulse and 
a signal pulse group, respectively. A 
further distinction between the two 
pulses can be made by cutting down th: 
high frequency response of the amplifier 
so as to round off the pulses as shown by 
ce” and “d”’ of Fig. 3. 

The network R2C¢ in the plate circuit 
accomplishes this. The effect is to re- 
duce the height of the dark-current 
pulses by a much greater factor than 
that of the signal pulse. The height of 
“d” relative to ‘“‘c” increases toward 
an upper limit as the time constants 
RiC; and RC. increase indefinitely 
However, if the time constants are made 
too large, dark-current pulses begin to 
intermingle and themselves add up 
Calculations show that for best resolu- 
tion together with good discrimination, 
RC, should be equal to R.Cs, and that 
little is gained by making them much 
larger than the time constant 7 of the 
phosphor decay. For the zinc-sulfide 


phosphor, the used 7 is approximately 
17 microseconds, and since the dark- 
current pulses are separated on the 
average by 50 microseconds, the time 
constants RiC; and R.C2 were each set 
at 17 microseconds. 
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FIG. 2. Circuit used with photomultiplier 
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FIG. 3. Voltage waveforms appearing 
on grid of pentode in Fig. 2 





The amplifier was designed to go into 
a small box on which the radiation de- 
tector was mounted, and the cathode- 
follower stage was included in order to 
drive the long output cable from the 
box to the recording equipment. The 
output pulse from the cathode follower 
is roughly 20 volts with radium gamma 
rays. 

For counting work, the output of the 
amplifier is fed to a thyratron discrimi- 
nator, a scale-of-16, and an electro- 
mechanical counter as is commonly used 
with pulse ionization chambers or 
Geiger counters. 

By varying the bias voltage on the 
discriminator, and taking counts at 
each setting, curves giving the distribu- 
tions of pulse heights may be obtained. 
It is found that the distributions of both 
dark-current pulses and signal pulses 
exhibit no upper limit in number (within 
the capabilities of the counting appa- 
ratus) as smaller and smaller pulses are 
included. Though a limit undoubtedly 
exists, at least in the case of the signal 
pulses, it was impossible to obtain accu- 
rate counts in the region of small pulse 
heights with the moderate strengths of 
sources used, because the numerous 
dark-current pulses completely over- 
whelm the signal pulses. Thus, there 
seems to be no “plateau” which deter- 
mines the best point at which to set the 
discriminator level. 

The point which gives the maximum 
information in the least time regarding 
the intensity of a particular radiation 
depends on the strength of the radi- 
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ation and cannot be specified without 
knowing this. Furthermore, the lack 
of a plateau in the region accessible to 
the apparatus used prevents us from 
making accurate statements from these 
curves regarding the relative heights of 
pulses produced by different radiations 
or by dark current. However, one is 
scarcely concerned with the average 
values of the pulse heights. In the case 
of dark current, the average pulse never 
registers as a count; only the excep- 
tionally large pulses are of primary 
importance. 

With alpha pulses, the pulse height 
is so great as to allow almost complete 
discrimination from dark-current pulses. 
The voltage of a discriminating circuit 
may be set so as to allow practical 
counting at a rate of as low as a few 
alpha pulses per hour. -Further, the 
duration of the alpha pulses is so short 
that 10° alpha particles per second can 
be counted. Long before this high 
counting rate is attained, it is possible 
to revert from pulse detection to the 
more simple technique of measuring 
integrated current output of the multi- 
plier tube. Such integrated output cur- 
rent measurements may be extended to 
extremely high radiation levels. 


Discrimination Depends on Energy 

Pulses from beta rays, gamma rays, 
and X-rays are not a great deal higher 
than dark-current pulses. The degree 
of discrimination which is possible for 
these depends upon the quantum energy 
involved, to which the pulse height is 
related. The level to which the dis- 
criminator should be set varies with the 
intensity of radiation, but in general it 
is impractical to try to set the discrimi- 
nator so that no dark-current pulses 
whatever are recorded. As a result, it 
is difficult to make effective beta-ray 
measurements at lower counting rate 
than a few counts per minute. Al- 
though the discriminator may be set 
to reduce background counting well 
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below this rate, the detector then misses 
many beta-ray counts. Because of a 
longer duration of the pulses, the maxi- 
mum counting rate for these radiations 
is only about 10* counts per second, 
although it is still possible to continue 
above this level with integrated output 
current measurements. 

Comparative tests between the new 
detector and Geiger counters have been 
made with gamma rays, beta rays, and 
8-kilovolt X-rays. In each case, a com- 
mercial Geiger counter designed specifi- 
cally for the particular radiation was 
used. After reducing the counting 
rates to the same detecting area, the 
photomultiplier appeared to be more 
efficient than the Geiger counters by a 
factor of roughly two. 

The possible advantages of this new 
detector are obvious. It is rugged, 
simple, inexpensive, and built largely of 
commercial components. The response 
time is extraordinarily short and the 
maximum counting rate is well above 
that of a Geiger counter. It can be 
used over a very large range of intensi- 
ties, especially when integrated current 
measurements are introduced for high 
intensities. To the extent that the 
absorption of the incident radiation by 


at 


the fluorescent screen is large, the effi- 
ciency ishigh. The efficiency probably 
approaches 100% for alpha and beta 
rays. 

For these radiations, the new detector 
is especially advantageous inasmuch as 
no thin-window technique is required 
As we have used it, the new detector is 
suitable only for narrow-beam work. 
Increasing the area of the fluorescent 
screen reduces the effectiveness of the 
collecting system and decreases the 
amplitude of the resulting pulses. In 
the case of alpha pulses, however, the 
amplitude is so great as to permit the 
mirror to be left off. With a one-inch 
square of fluorescent screen supported 
at a sufficient distance from the photo- 
tube to permit light from all parts of 
the screen to reach the photosensitive 
surface and with no collecting mirror, 
alpha pulses are still discernible above 
the dark-current background. 

Immediate further improvement of 
at least three kinds can be expected. 
Better screens can be selected, varied 
as to type, thickness, and reflective 
backing in accordance with the specific 
radiation involved. The optical system 
‘an be improved, and further develop- 
ment of auxiliary circuits expected. 


> 





‘Military security and physical hazards properly required a 
tight over-all government monopoly of atomic energy develop- 


CE a 


ment as a beginning. But a continuing monopoly approach 
to the development of atomic energy would slow and dry up the 
effort. So Congress also directed the Atomic Energy Commis- 
sion to find safe ways to move away from government monopoly, 
a directive with which the Commission heartily agrees. The 
Commission should move away from tight government monop- 
oly as fast as it can, consistent with security . . . The develop- 
ment of America’s technology has always been through the 
widest possible dissemination of information, through the 
cross-fertilization of ideas . . . The need for secrecy presents 
one of the toughest hurdles in the path of rapid development of 
the new atomic technology An indiscriminate hush-hush 
attitude of choking back any and all interchange of knowledge 
may do inestimable damage to our own country’s progress.” 

. . . David E. Lilienthal, Collier’s, May 3, 1947 
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Prompt publication is given in this department to discussions 
and techniques that may be expected to have an immediate 


effect on the progress of nuclear technology. 
over 600 words in length and may be illustrated. 


Items should be not 
No proofs will 


be sent to the authors, and the editors of Nucteonics will 
not be responsible for opinions expressed by such contributors. 
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Laboratory Production of Enriched BF; from CaF.-BF, 


By R. E. ZEDLER and R. I. LUMAN 
Clinton National Laboratory, Oak Ridge, Tennessee 


BORON TRIFLUORIDE (BF;) is the gas 
commonly used in slow-neutron count- 
As furnished by the A.E.C. Iso- 
topes Branch, the boron in the complex 
CaFeBF; is 96% B'® as compared 
with the normally occurring B!° con- 


ers. 


tent of 20%. Since counter action 
results only on the slow-neutron cap- 
ture by B", coanters five times as 
efficient may be obtained by filling 


them with enriched BF; generated from 
this complex. 

The boron trifluoride gas is generated 
by heating the complex and collecting 
the gas in a closed evacuated system. 

CaF, BF; ——> CaF, + BF; 


A 250° C 


Six and a half grams of the complex 
produce one liter (three grams) of BF; 
at S.C.T.P. 


Equipment 

The equipment is described in order 
from generator to receiving flasks, as 
in the diagram shown (Fig. 1). 

The generator (see Fig. 2) is a flanged- 
lid, stainless-steel container. A 14- 
inch O.D. stainless-steel thermocouple 
well is welded into the lid and extends 
nearly to the bottom of the chamber. 
A nichrome heating element (40 ohms) 
is wound around the generator and is 
insulated from the generator by mica. 
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System for generating BF; from CaF:BF;, drawn approximately to scale 
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The unit is wrapped with asbestos to 
minimize heat A thermocouple 
hooked to a Leeds & Northrup Micro- 
max is used as the temperature meas- 
uring device. 

The generator is connected to the 


loss. 


glass system through a short length of 
copper tubing that is sealed to the glass 
with deKhotinsky cement. A _ smatl 
copper can is soldered around the copper 
tube near the cemented joint. This is 
filled with cold water to keep the cement 
cool during the generation process. 
Next in line are two glass traps and a 
glass wool filter in series to catch con- 
densable impurities and entrained solids. 
Following the traps is the capillary 
flowmeter. The manometer legs on 
each side of the 0.5 mm capillary tube 
are about 80 cm long, and extend into 
a mercury With the 
pillary by-pass stopcock closed, the 
difference in mercury levels in the two 
legs is an indication of the rate of flow. 
The height of mercury in either leg 
the static pressure in the 
The flowmeter also serves as 


reservoir. ca- 


indicates 
system. 
a safety valve. 
A four-way 
flowmeter. The bottom 
to the vacuum pump through a cold 
trap. The four stopcock positions 
make it possible to: 1) evacuate the 
generator side of the system, 2) evacu- 
ate the receiving side of the system, 3) 
connect both parts of the system and 
isolate the vacuum pump, 4) isolate all 
sections of the system from each other. 
Following this stopcock are two out- 
lets, one with a stopcock. To these 
outlets, receiving flasks may be con- 
nected. A manometer is attached to 
the receiving system to enable the 
observation of static pressure readings 
and to act as a safety valve when the 
receiving system is isolated from the 
rest of the system. On a side arm is a 
liquefying chamber made from 30-mm 
pyrex-glass tubing 1 foot long. BF; 
from the generating system is condensed 
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FIG.2. The generator used in producing 
enriched BF;. Unit is wrapped with 
asbestos to minimize heat loss. 
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in this at the end of the generating 
process. 

The collecting flasks used are the 
standard two-liter pyrex-glass type in 
which spectroscopically pure gases are 
distributed. 


Procedure 

After introduction of the complex 
into the generator, the entire system 
should be evacuated for several hours. 
The system is tested for leaks with a 
spark coil. The spark coil produces a 
pale blue glow in a_ well-evacuated 
system and a purple glow in a_ poorly 
evacuated system. The thermos full 
of liquid nitrogen should be placed on 
the vacuum pump cold trap after an 
indication of a good vacuum has been 
obtained. 

After the thermos bottles of acetone- 
dry ice mixture are placed on the gen- 
erator cold traps, heating of the 
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generator is begun (a Variac is used to 
regulate the current through the heating 
coil). Evacuation of the system is con- 
tinued until the temperature reaches 
170° C, at which temperature the 
vacuum pump is isolated by use of 
the four-way stopcock. The current 


through the coil should be increased - 


to maintain a steady temperature rise. 

The BF; gas begins to generate in 
appreciable quantity at 250° C. When 
the temperature reaches 380° C (after 
3 hours from the starting time of the 
heating process), most of the BF; will 
have been evolved. 

When the manometer indicates that 
there is 70-cm pressure in the first re- 
ceiving flask, the flask is removed and 
the stopcock opened into the second 
flask. When all the BF; has been 
evolved (3 to 4 hours), a thermos of, 
liquid nitrogen is placed on the liquefy- 
ing chamber. This condenses all the 
BF; in the system. The generating 





system is isolated from the receiving 
system by means of the four-way stop- 
cock and the thermos removed. The 
BF; vaporizes into the second collecting 
flask which is then removed. 


Results 


The BF; thus collected should be 
97.2% pure, 75% of the impurity being 
air. Final purification of the BF; is 
done on the system used to evacuate 
and fill counters. The process is 
simply that of solidifying the BF; in a 
liquid nitrogen trap in an evacuated 
system and then re-evacuating the 
system to remove the noncondensable 
air impurity from the solidified BF. 

This method, used at the Clinton 
National Laboratory, is essentially that 
given in an extract from S.A.M. Re- 
port A-2121, but the system was modi- 
fied to make the generation process 
simpler and safer. 





“The relatively small number of Nobel Prizes awarded to 
United States citizens indicates the weakness of this country in 
pure science and also, by contrast, its great strength in industrial 


development. 


We have improved our scientific position during 


the past 25 years but through all our history we have drawn on 


Europe for fundamental science. 


Our technical and industrial 


developments are the offspring of this important fundamental 


science . 


.. The great advance in technology comes only 


as a result of work in pure science in which the primary objec- 
tive is an understanding of the fundamental laws of natural 


phenomena. 


At no time from the discovery of radioactivity in 


1896 until about 1938 could anyone have asked specifically for 
the development of atomic energy into atomic bombs or power 


plants. 


Through all these years, it was only the desire of 


scientists to understand natural phenomena which finally 
brought us to the stage where such development could go 
forward . . . If I were speaking in Europe, I would advise a 
committee such as this to put first emphasis on industrial 


application . 


given to fundamental science.” 
. . . Harold C. Urey, from testimony 
before a U.S. Senate Subcommittee 
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. . I wish to advise that (our) first emphasis be 
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District Declassification Code) number, 
and date of declassification 


M. 
H. 


L-Converted Isomeric Transition. 
Goldhaber, C. O. Muehlhouse, 8. 
Turkel. MDDC 424 (5/20/47) 


The Preparation of Uranium Metal by 
Thermal Dissociation of the lodide. C., 
H. Prescott, F. L. Reynolds, J. A. 
Holmes. MDDC 4387 (2/25/47) 


Pile Theory Notes for M.1.T. Seminar 
(Sections I-XVII). TT. T. Feld, F. L. 
Friedman. MDDC 460 (12/27/46) 


Spectrochemical Analysis: Copper Spark 
Method. M. CC. Bachelder, J. G. 
Conway, N. H. Nachtrieb, B. 5. Wildi. 
MDDC 511 (1/10/47 


The Slow Neutron Cross Section of Water 
as a Function of Energy. R. F. Bacher, 
C. P. Baker, M, G. Holloway. MDDC 
512 (1/10/47) 

The Slow 
of Au and I. 
Baker, B. D. 

(1/10/47) 


Yield of Photoneutrons from U?* Fission 
Products in Heavy Water. 8S. Bernstein, 
W. M. Preston, G. Wolfe, R. E. 
Slattery. MDDC 515 (1/10/47) 


Formation of Focussed Space-Charge- 
Limited Electrons and Ton Beams. O. 
Bunemann, E. U. Condon, A. Latter. 
MDDC 517 (1/10/47) 


Abnormal Isotope Abundance Produced 
by Neutron Absorption in Cadmium. 
A.J. Dempster. MDDC 520 (1/10/47) 


Neutron Resonance Energies 
R. F. Bacher, C: P. 
MeDaniel. MDDC 513 


* Information on these documents may be 
obtained from the Office of Technical Services, 
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of Electrons in Gases. D. E. Hudson 
MDDC 524 (1/10/47) 


Martempering of K-46 Tool and Die Steel 
G. L. Kehl. MDDC 526 (1/10/47) 


A Hollow Cathode Source Applicable to 
Spectrographic Analysis for the Halogens 
and Gases. J. R. MeNally, Jr., G. R 
Harrison, E. Rowe. MDDC 528 
(1/10/47) 


Micro-Gas Analysis. W.A. Nierenberg, 
C. Williams. MDDC 529 (1/10/47) 

Forty-three Day 4sCd'*. L. Seren, D. 
Engelkemeir, W. Sturm. MDDC 531 


(1/10/47) 
Experimental Use of C4; Synthesis of 
Acetic Acid from Radioactive Carbon 
Dioxide. L. B. Spector. MDDC 532 
(1/10/47) 


Health Protection in the Production and 
Use of Atomic Energy. W. F. Bale 
MDDC 536 (2/25/47) 


Atomic Bomb Engineering. 
MDDC 545 (2/25/47) 


Engineering Features of the Atomic Bomb 
Plants. A.C. Klein. MDDC 546 
(2/25/47) 

The Construction and Testing of Surface 


and Combustion Furnaces. L. Brewer, 
G. H. West. MDDC 550 (2/10/47) 


The Electrolytic Preparation of Fluorine. 
R.C. Downing. MDDC 552 (2/10/47 


Delayed Neutrons from Pu®®. B. T 
Feld, F. de Hoffman. MDDC 553 
(2/10/47) 


The Statistics of the Hypocritical We 
Boiler. S. P. Frankel. MDDC 
(2/10/47) 
Neutron Spectrometer Circuits. 
Alamos Laboratories. MDDC 
(2/10/47) 


Discriminator for Photographic Analyzer. 
M. Sands. MDDC 558 (2/10/47) 
Delayed Neutrons from Pu?®®, R. R. 
Wilson. MDDC 559 (2/10/47) 


Directional Properties of Fission Neu- 
trons. R. R. Wilson. MDDC 560 
(2/10/47) 


November, 1947 - NUCLEONICS 


A. C. Klein 


= 
a 


or 
oe 


Los 
557 


| | 





— 
« synapsin 











rateac. 


PI Pa ae 


Re 





en 


A 
28 


rd 


in 


mb 


16 


u- 


60 


cs 


Jue ners~ 


rere 











of Focussed Space-Charge- 


Formation 


Limited Electron and lon Beams. Part 
i. Design of Electrodes. O. Bune- 
in, E. U. Condon, A. Latter. MDDC 


586 (2/25/47) 


Vacuum Properties of Plastic Materials. 
] Cook. MDDC 588 (2/25/47) 


Thermodynamic Properties of Air at 
High Temperatures. J. QO. Hirschfelder, 
| L. Magee. MDDC 590 (2/25/47) 


Plutonium in 
Structure and 


Kasha. 


Spectra of 
Fine 
Application. M. 


ibsorption 
igueous Solution. 
tnalytical 


MDDC 591 (2/25/47) 

ttomic Energy in Industry. 1. Perl- 
man MDDC 592 (5/20/47) 

Vodel 50 Power Supply. M. Sands. 
MDDC 593 (2/25/47) 

Vodel 260 Sweep. M.Sands. MDDC 


594 (2/25/47) 


On the 
R. G. 


Magnetic Moment of Tritium. 
Sachs. MDDC 625 (5/20/47) 


Synthesis of Carbon Radioactive Methyl 
lodide and Methanol from Carbon 
Dioxide. B. M. Tolbert. MDDC 628 
2/10/47) 


Vew Observations on Two Dimensional 
Condensation Phenomena. 8. Ross, G. 


E. Boyd. MDDC 662 (5/20/47) 


Higher Angular Momenta and Long 
Range Interaction in Resonance Reac- 
tion. E. P. Wigner, L. Eisenbud. 
MDDC 676 (2/26/47) 


Decomposition of Solid Barium Nitrate 
by Fast Electrons. A. O. Allen, 7. 
Ghormley. MDDC 703 (5/20/47) 


Carbon-14 Production from Ammonium 


Nitrate Solution in the Chain-Reacting 
Pile. L. D. Norris, A. Snell. 
MDDC 726 (5/20/47) 

The Reaction of 3sSr8* (n, gamma) 


ssr’?* Produced by Thermal Neutrons. 
L. Seren, H. N. Friedlander, S. H. 
Turkel. MDDC 733 (5/20/47) 


Electronic Circuits—II, III, and IV. 
R. J. Watts, et alk MDDCs 739 
1/16/47), 740 (1/16/47), and 741 
(10/21/46), respectively. 


The Introduction to the First Issue of 
Applied Mathematical Series of the Na- 
tional Bureau of Standards. A. M. 
Weinberg, E. P. Wigner. MDDC 743 
(12/31/46) 


NUCLEONICS - November, 1947 


A Mathematical Foundation of the 
Resonance Theory. EK. P. Wigner, L. 
Eisenbud. MDDC 744 (2/7/47) 


Stability of a Fin in Boiling Liquid. 
G. Young. MDDC 745 (3/31/47) 


Ultra Short Duration Flash Radiographs. 
C. Clark. MDDC 768 (2/24/47) 


Transient Response of Damped Linear 
Network with Particular Regard to Wide- 
band Amplifiers. W. C. Elmore. 
MDDC 770 (3/26/47) 


A Thermal Neutron Velocity Selector 
and Its Application to the ~— x ments 
of the Cross Section of Boron. E. Fermi, 

Marshall, L. W. Marshall. eMDDC 
771 (4/8/47) 


L-Converted Isomeric Transition. M. 
Goldhaber, C. O. Muehlhause, 8. J. 
Turkel. MDDC 774 (1/23/47) 

55-Hour Element 61 Formed in Fission. 
Mark G. Inghram, David C. Hess, Jr., 


Richard J. Hayden. MDDC 779 
(3/13/47) 

Synthesis of Ethyl Trifluoracetate. J.C. 
Reid. MDDC 784 (3/14/47) 

Nuclear Properties of U2*8; A New Fis- 
sionable Isotope of Uranium. G. T. 


Seaborg, J. W. Gofman, R. W. Bat 5 
ton. MDDC 787 (1/28/47) 


A Fast Coincidence Circuit with Pulse 
Height Selection. P. R. Bell, 8. De- 
Benedetti, J. E. Francis, Jr. MDDC 
839 (4/22/47) 

Phase of Scattering of Thermal Neutrons 
by Aluminum and Strontium. FE. 
Fermi, L. Marshall MDDC 843 
(4/30/47) 

Vacuum Sparking Potentials Under Surge 
Conditions. W. Parkins. MDDC 858 
(5/20/47) 

Cobalt-61 Radioactivity. i‘ 
B. J. Moyer. MDDC 859 (4/21/47) 


Cloud Chamber and Magnet Assembly 
with Structural Frame and Heat Ex- 
changer. Radiation Laboratory, Uni- 
versity of California. MDDC 860 
(5/20/47) 

Cloud Chamber Camera Lights Assembly 
Drawing 207775. Radiation Labora- 
tory, University of California. MDDC 
861 (5/20/47) 


Cloud Chamber Heat Shielding, Magnet 


J. Parmley, 


Shielding, Drawing No. 207145. 
Radiation Laboratory, University of 
California. MDDC 862 (5/20/47) 


69 


























High Voltage Terminal 


























PRODUCTS and MATERIALS 


JEROME D. LUNTZ 
Assistant Editor 





H, ond Ha Cylinders 


_ Generating Voltmeter 


_- Positive lon Source 





bat (Capillary-Are Type) 
eo . 
i insulating Column 
ve |. _——. Pressure Tank 

20 

=3—__++— — Acceleration Tube 
oO 

- _Ground Plane 

eo o 

eo _ 








A.C. Generator for ~, 
Local Power ; 
i 
Charge Remover Points — a 
a 
oo" oo 
of" oo 
oo oo 
Charge Conveyor Belt _ on}, fee 
o}) leo 
oo" {-- 
o-"| * 0 
Driving Motor “_ TS 
of; oo 
gs | oo io~o 
Transformer Rectifier i ~ ees 
fF Bre) 
3 


~ _-Noltage Stabilizing Load 





Sproy Points 





High Vacuum Pump -| 


Alternate 
Target 


Vertical 
Target 








‘ef J —_ Analyzer sit 
tg 
CONTROLS FOR 





Deflecting Main Voltage 
Magnet Target 
orgs Belt Current 
lon Source Gas 
Pressure 








lon Source Filament 
Analyzer Magnet 











FUNCTIONAL DIAGRAM OF POSITIVE-ION ACCELERATOR 


The electric charge is transferred to the 
high-voltage terminal at a continuous 
rate by a belt of insulating material. 
This charge maintains the terminal at a 
steady positive potential above ground 
and supplies the current required by the 
acceleration tube. Both tube and belt are 
mounted within the insulating column, 
which is specially designed to insure a 
uniform voltage distribution between 
terminal and ground plane. At the high- 
voltage end of the tube, the positive ions 
emerge through a small opening in the 
side of a capillary containing a d-c are 
in hydrogen or deuterium. These ions 
are progressively accelerated and focused 
as they pass along the acceleration tube 
and thus acquire the full voltage of the 
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terminal. In precision nuclear research, 
the ion beam is often deflected through a 
90 deg angle by a magnetic field. This 
serves to remove the positive ions of 
unwanted mass and enables the remaining 
ions to be selected for energy by means of 
the analyzer slit system. Thus, steady 
parallel streams of positive ions accurately 
homogeneous in energy may be caused to 
impinge upon any selected target material. 
The alternate target may be used by 
reversing the direction of the deflecting 
magnet current. Although the potential 
of this type of generator is already capable 
of being held steady to within 1 %, further 
electronic stabilization may be introduced 
so as tO maintain steadiness to better 
than 0.1% 
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Electrostatic Accelerators in Nuclear Research 


By DENIS M. ROBINSON 
President, High Voltage Engineering Corporation 
Cambridge, Massachusetts 


[HE ALPHA PARTICLES from radioactive 
lisintegration possess the tremendous 
experimental advantage of having an 
exactly known and homogeneous energy. 
(dd to this the important circumstance 
that the background level associated 
with such alpha-particle experiments 
can be kept very low, and that they can 
be readily produced with only slight 
expense, and we see that these natural 
particles have a combination of prop- 
erties which made them particularly 
suitable for the first decades of nuclear 
investigation. 

The belt-type electrostatic accelera- 
tor retains the outstanding advantages 
which sources of alpha particles have in 
homogeneity and known energy, and 
has, in addition, the advantages of an 
abundant supply of particles, combined 
with the ability to control their energy 
continuously over a wide range, thus 
permitting the use of even the most 
refined measurement techniques. Fur- 
thermore, extreme parallelism of the 
beam of particles permits the experi- 
menter to use successive heavy 
diaphragms through which the beam 
can be focused. In this way the back- 
ground, initially small, can be reduced 
to any required or desired value. 


Accelerates All Charged Particles 

The electrostatic generator is capable 
of accelerating any type of charged 
particle and of producing a copious 
supply of neutrons, homogeneous in 
energy, by the bombardment of the 
light elements. It can be calibrated 
and the voltage can be controlled so 
that particles having any energy up to 
the maximum voltage for which the 
generator has been designed can be 
obtained merely by the movement of a 
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control knob. In spite of the very large 
quantity of radiation energy available, 
the various pieces of apparatus can be 
handled with complete security and 
without danger to health when the 
machine is switched off. 

Electrostatic accelerators have al- 
ready made important contributions 
where highly precise measurements of 
particle energy were necessary. From 
the numerous important experiments 
which have been made with electro- 
statically accelerated particles, three 
have been selected to serve as examples 
of what has been done, and to help pre- 
dict the role of the electrostatic acceler- 
ator for the future. 


Proton-Proton Scattering 


As the first example, the work by 
Tuve, Heydenburg, and Hafstad (1) at 
the Carnegie Institution of Washington 
on the scattering of protons by protons 
will be considered. The authors ex- 
plain their choice of method as follows: 
“The first attack on the experimental 
problem of proton-proton scattering at 
high voltages was made by Wells in 
this laboratory in 1933-34. He photo- 
graphed in a_ hydrogen-filled cloud 
chamber the tracks of the recoil protons 
of various velocities produced by polo- 
nium alpha particles bombarding thin 
cellophane or paraffin sheets. Stereo- 
scopic pictures of 200,000 tracks 





EDITOR'S NOTE: This article initiates 
a new feature of the Products and 
Materials department. Manufac- 
turers and authorities on equipment 
which finds application in the field of 
nuclear science and technology are 
invited to contribute papers. 
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resulted in a total of only... 11 
collisions [which] were in the range 450 
to 900 kv, only three |our italics] of these 
lying in the interesting range 25-45 deg. 
Collisions observed along tracks in a 
cloud chamber are twice distributed 
with respect to voltage (distance fror 
end of track) and with respect to angle 
and consequently large numbers of 
collisions must be observed before sta- 
tistical validity is achieved. 
" No theoretical conclusions were 
drawn from Wells’ experiments and this 
method was abandoned by us. . . . We 
chose to defer work on the proton-scat- 
tering problem until it became feasible 
to make a direct measurement by elec- 
trical methods of the scattering of large 
numbers of protons in gaseous hydrogen 
by the proton beam produced by our 
1200-kv electrostatic generator and ac- 
celerating tube. For sucha quantita- 
tive problem, however, it was clearly 
essential to have sufficient steadiness of 
experimental conditions as well as accu- 
rate knowledge and control of the volt- 
age and composition of the ion beam.” 
The difference in precision between 
the two methods is given force by the 
authors’ statement that 300,000 cloud 
chamber tracks analyzed by one investi- 
gator yielded a total of only 18 observed 
partic *s at high angles with energies 
over 600 kv, whereas in the final Car- 
negie experiments the results depended 
on a total of 21,540 particles in this 
angular and energy range. 


Precise Scattering Job 

Using the electrostatic generator, 
Tuve and his collaborators were able 
to limit the fluctuation of the voltage 
to less than +0.5%, and this, together 
with the development of a voltmeter 
resistor, enabled the authors to do the 
most precise job on scattering ever 
accomplished up to that time. In- 
stead of a very small number of parti- 
cles being observed in a cloud chamber, 
a large number of particles was ob- 
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served by means of a linear amplific 
used for detection, with continuous 
monitoring of the counted particles b 
means of a cathode ray oscillograph. 

The conclusion from this precise 
work was that the observed anomaly 
and discrepancy from the Mott formula 
for scattering must be ascribed to 
type of proton-proton interaction at 
close range (less than 5 X 107'5 em 
additional to and quite different from 
the Coulomb forces on which Mott’s 
calculations were based. This was, 
in fact, the first experimental observa- 
tion of the close-range attractive forces 
holding the nucleus together in opposi- 
tion to the repulsive Coulomb forces 
between the protons. 


Measurement of Resonances 

A second significant example of the 
application of electrostatic accelerators 
is the accurate measurement of nuclear 
resonances. Using the same electro- 
static generator employed for the 
proton-proton scattering work, Haf- 
stad, Heydenburg, and Tuve (2 
showed the importance of nuclear- 
energy levels in the interaction of pro- 
tons with light nuclei. While this 
work was being done, there was under 
construction at the University of 
Wisconsin a totally enclosed and pres- 
sure-insulated electrostatic generator, 
designed by Herb. With a pressure of 
seven atmospheres in the tank, it was 
possible to reach an accelerating volt- 
age of 2 million volts, and with this, 
both the number of elements and the 
energy range of the resonances investi- 
gated were considerably extended by 
Herb, Kerst, and McKibben (3). 

Great improvements in voltage 
stabilization, described later in this 
article, have made the electrostatic 
accelerator valuable for spectroscopic 
work on excitation of resonance levels 
by positive ion bombardment. A 
recent letter to the Physical Review (4) 
describes work on one of the aluminum 
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RESONANCE RESOLUTION USING ELECTROSTATIC ACCELERATORS 


Nuclear resonance curves obtained by bombardment with protons. a) Generator volt- 
age stabilized by modulation of spray on belt, only those disintegrations produced by 
protons between known energy limits (+500 ev) being counted (11). b) Voltage 
stabilized as above, an electrostatic analyzer (10) selecting a narrow energy range of 
protons (+100 ev). ec) All-electronic stabilization (8). Modulated electron current in 
accelerator tube acts with very short time constant, controlling generator voltage to 
+150 ev. (Curves adapted from Phys. Rev. and Rev. Sci. Instr.) 
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resonances using the Wisconsin genera- 
tor. The half-width of the 985 kev 
(p,y) resonance was found to be 300 + 
50 ev (see p. 73). 

A third example of the usefulness of 
the electrostatic generator was the work 
done by Van de Graaff and his associates 
on the elastic, single-scattering of 
electrons by nuclei. The scattering of 
fast electrons offers the most direct 
method for determining experimentally 
the forces between electrons and nuclei 
at close distances of approach. Mott's 
theory, which was mentioned above in 
connection with the proton-proton 
scattering, had neither been confirmed 
nor found wanting for the case of 
scattering of electrons by nuclei. The 
experimental work had given very 
variable results. 


Confirm Theory 
Van de Graaff and his co-workers 
considered that much of this spread was 
probably due to the inhomogeneity in 
energy and the low intensity of the 
beta-ray sources which had been em- 
ployed. Using the high-speed elec- 
tron beams of high intensity and 
accurately known and_ controllable 
energy, they were able to show (4, 6) 
that the experimental results were in 
close agreement with the relativistic 
theory of electron scattering, as de- 
veloped by Mott, over the entire range 
of the experimental variables. For 
angles up to 60 deg and for energies up 
to 2.3 Mev, the elastic, single-scattering 
of electrons is in good agreement with 
theory for nuclei ranging in atomic 
number from 4 to 79 (beryllium to 
gold). This agreement is in marked 
contrast with the results of most previ- 
ous observers who have reported wide 
divergence from theory, and was only 
obtained as a result of the homogeneity 
and high intensity of the electron beam 
available. 
It was possible to direct the narrow 
parallel beam of electrons first through 
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a '4-inch hole in a beryllium diaphragm, 
and then through a similar hole in an 
aluminum diaphragm to a Faraday 
eage in which a vacuum of 107° milli- 
meters of mercury was maintained. In 
this chamber was located the scattering 
foil and a collector assembly for measur- 
ing the electrons scattered at any given 
With this arrangement, which 
particularly careful 
design of the ionization chamber and 
collector, the effect of X-ray back- 
ground was kept very low. Just as in 
the case of the proton-proton scattering, 


angle. 
incorporated a 


the accuracy of the results obtained was 
results were the 
statistical average of an extremely large 
number of individual events. 


good because these 


The last few years have witnessed 
rapid improvement in the design of 
Herb’s ma- 
chine at the University of Wisconsin 
was capable of giving a much greater 
voltage than any generator of com- 
parable size because of its use of gas- 
insulation. Its smaller size 
made it unwieldy, and 
permitted its employment in a labora- 
tory which could not possibly have 
accommodated one of the larger air- 


electrostatic accelerators. 


pressure 


less hence 


insulated machines. 


Moved to Los Alamos 


Appreciation of the important work 
which could be carried out by the 
Wisconsin positive-ion accelerator led 
to its being moved to Los Alamos, where 
it was arranged to produce neutrons of 
energies lying in the range from 3,000 
to 2,000,000 ev, and was used to extend 
and improve the available data on high- 
speed-neutron fission cross sections, as 
described by Smyth (7). Electrostatic 
generators are of unique importance for 
such work since there appears to be no 
suitable alternative way of producing 
homogeneous neutrons of controllable 
energy in this voltage range. 

Still greater and more startling reduc- 


tions in generator size have been 
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effected by Trump at M.LT. As a 
result of several years of work on funda- 
mental high-voltage technique, includ- 
ing the distribution of the electrostatic 
field around all the high-voltage com- 
ponents, by particular attention to 
field control along those surfaces of the 
solid dielectrics which are exposed to 
stress, by the increase of gas pressure to 
27 atmospheres, and by far-reaching 
developments in the design of accelera- 
tor tubes, Trump has succeeded in 
producing a 2,000,000-volt generator far 
exceeding its predecessors in compact- 
ness and maneuverability. The homo- 
geneous collimated beam from this 
accelerator has sufficient energy to give 
an adequate disintegration yield from 
the lighter nuclei, which are of particu- 
lar importance because of their rela- 
tively simple structure. 


5-Mev Accelerator 

In 1945, Van de Graff and his associ- 
ates designed a 5-Mev electrostatic 
accelerator for positive or negative 
particles. Many nuclear laboratories 
in England, Canada, and France have 
adopted this design and are building 
generators very similar to that shown 
in photograph on left, which shows the 
accelerator now in use at M.1.T. 

A 12-Mev, pressurized, electrostatic 
accelerator on similar lines has been 
designed by Trump and will soon be 
built at M.I.T. The energy of particles 
accelerated by this machine will be 
adequate for the penetration of the 
potential barrier of even the heaviest 
nuclei, with a yield sufficient to permit 
the most refined measurement tech- 
niques to be used. 

Great improvements have also been 
made in the techniques of using and 
operating electrostatic generators. All- 
electronic voltage stabilization has 
been achieved by Bennett and Bonner 
(8) and their collaborators at Rice 


Institute, Houston, Texas. In their 
method, the beam is magnetically 
5 

















analyzed; then, the required portion of 
the beam is caused to fall on a divided 
slit and its deviation therefrom is used 
to control the strength of an electron 
stream which passes through the ac- 
celerator tube in the reverse direction to 
the positive ions. This electron load- 
current automatically corrects the 
potential of the top terminal and keeps 
the required portion of the beam on 
the slit. 


electrons traverse the tube very rapidly, 


Since both positive ions and 


the total time delay in the operation of 
the control is very short, and, even 
including the transit time in tubes and 
all other delays, can be made a few 
microseconds or less. 

With this technique, Bennett, Bon- 
ner, et al., have been able to keep the 
potential of their 1-Mev electrostatic 
accelerator +150 
and have hence been able to establish 


constant to volts, 
new resonances in the disintegration of 
protons and lithium by 

with excellent precision. 
been 


fluorine by 
deuterons (9) 
An electrostatic analyzer has 
developed for the University of Wis- 
consin generator and has given excellent 
results in preliminary tests (10). 


Voltage Fluctuations Overcome 

Brostrém and Huus (//) at the In- 
stitute of Theoretical Physics in Copen- 
hagen have developed a technique in 
which any slow fluctuations of the ac- 
celerator voltage are prevented from 
reducing the accuracy of the results. 
They introduce a 
which automatically stops the measure- 


“cutter” device 
ments when the voltage deviates more 
than a certain amount the de- 
sired value. In this way, a resolving 
power of 4,000 ev is obtained. 

Under this condition, a number of 
previously known peaks of resonance in 
the gamma-ray yield curve of aluminum 
bombarded with protons have been 
resolved into groups of lines 
(p. 73). In the investigated region, 
the proton widths have been estimated 
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narrow 





This is still 
short of the accuracy obtained at the 


to be less than 1,000 ev. 


“cut- 
when the 


Rice Institute. Moreover, the 
ting” of the measurement 
“off-value’”’ increases the 
The Copenhagen 
curves, however, speak well for the 
accuracy of the method and could 
certainly not have been obtained with 


voltage is 
measurement time. 


a less homogeneous beam. 


Accurate Voltage Measurement 

Absolute measurement of the energy 
of the particle calls for accurate meas- 
urement of the voltage generated. 
As early as 1935, Herb collaborated 
with Tuve and his associates to make a 
suitable voltmeter by the development 
of a 10,000-megohm, corona-free volt- 
This 


used for a study of the proton resonances 


meter resistor. voltmeter was 
with lithium and fluorine targets, and a 
reference voltage scale was established 
by a number of resonances. 
With electron accelerators the voltage 
has also been determined by observa- 
tion of the threshold of the photo- 


disintegration of beryllium by X-rays. 


sharp 


The neutrons resulting from this photo- 
disintegration can either be counted 
directly or allowed to produce artificial 
radioactivity in a silver foil. Thus, the 
voltage can be raised until the threshold 
is clearly shown by the counter. 

Kither resonances or thresholds can 
be used as standards for calibrating 
generating voltmeters, which have be- 
come the type of voltmeter often used 
for day-to-day work with these ac- 
celerators. A type of generating volt- 
meter frequently used consists of a 
shutter rotating in front of a sector dise, 
the sectors of which are alternately 
connected to two sides of a thermionic 
circuit. These sectors look at the high- 
voltage terminal but are intermittently 
shielded from it by the rotating 
grounded shutter wheel, thus experienc- 
ing an alternating voltage. The con- 
nected rectifier circuit supplies to a 
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microammeter on the control panel a 
urrent proportional to the voltage of 
tl Thus, there is no ampli- 
fier requiring periodic calibration. 

bring to 


e terminal. 


Electrostatic accelerators 


nuclear research a controllable bom- 


barding means of known characteris- 
ties from which quantitative and highly 
inalytical results are now assured 
throughout the ordinary range of nu- 
clear binding worth 
repeating that it was the homogeneity 
and the exactly known energy of the 
alpha particle which made it such a 
valuable many The 


homogeneous beam of charged particles 


energies. It is 


tool for vears. 
from the electrostatic accelerator closely 
parallels and amplifies in this decade 
functions which 


the and 


gave the alpha particle its important 


properties 


position in research in the thirties. 
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STRAY RADIATION DETECTOR 
Victoreen Instrument Co., 5806 Hough 
Ave., Cleveland, O. This minometer 


has been designed to measure stray 
radiation as well as extremely small 
X-ray and gamma-ray quantities. The 


consists essentially of a 


instrument 
string electrometer and a small ioniza- 
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tion chamber designed in the shape of a 
fountain pen for carrying in the coat 
pocket. The value of the ionization 
chamber, as well as the scale supplied 
with the instrument, is 0.2 r which is 
twice the accepted quantity estimated 
for a daily tolerance dose if received 
accumulatively. 


COUNTING-RATE METER 

General Radio Co., 275 Massachusetts 
Ave., Cambridge 39, Mass. The type 
1500-A counting-rate meter is direct 
reading and covers the range from 5 to 
20,000 per minute. Funda- 
mentally a frequency meter, it includes 
an aural monitor, a regulated, adjust- 
able high-voltage supply (400-2000 


counts 
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volts), and a quenching circuit to permit 
the use of either a selfquenching or a 
nonselfquenching Geiger-Miller coun- 
ter. Another feature is the provision 
for operating a 5-ma pen-and-ink re- 
corder to eliminate the need for the 
presence of an operator when data are 
being taken. 


HIGH-VACUUM RECTIFIER 

Amperex Electronic Corp., 25 Washing- 
ton St., Brooklyn, N. Y. This high- 
vacuum, half-wave rectifier 
tube designed for use on high voltages 


is a new 
and in areas which are strongly radio- 
active. In the latter case, it is claimed 
that this type of tube will not break 





down externally due to ionizing action. 
Although rated at 14,000 volts peak 
inverse, it is claimed that the tube- 
socket combination will handle voltages 
as high as 35,000 volts peak. 


POCKET IONIZATION CHAMBER 

Instrument Development Laboratories, 
223 W. Erie St., Chicago, Ill. The 
model 3340 pocket ionization chamber 
is similar in appearance to a fountain 
pen and provides a record of the radia- 
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tion to which its wearer has been ex- 
posed. It is constructed of gray plastic, 
with a spring clip that holds it firmly 
to the pocket or any part of the cloth- 
ing. A safety cap is held onto the case 
by friction and protects the metal 
contact point on one end of the meter. 
This contact point is sealed 
plastic diaphragm which 
contact the inner electrode until it is 
pressed in. 


into a 
does not 


MASS SPECTROMETER 

Consolidated Engineering Corp., 620 
N. Lake Ave., Pasadena 4, Calif. The 
Consolidated-Nier isotope-ratio mass 


spectrometer was developed from the 
results of basic investigations of A. O. C. 
Nier of the University of Minnesota. 
The ratio of the concentration of one 
isotope to that of another (including 
those having masses as high as about 
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70) in a sample of gas can reportedly 
be determined with one rapid, direct- 
reading measurement. The entire in- 
strument is housed in a single metal 
Hinged doors in the front 
and rear provide accessibility to all 
safety, all high- 
circuits are protected by 


cabinet. 


components. For 
voltage 
screw-on panels. 


STATIC ELIMINATOR 

U. S. Radium Corp., 536 Pearl St., New 
York 7, N. Y. The Ionotron has been 
designed to eliminate static from ma- 
chinery and moving paper, plastic 
sheeting, textiles and other materials. 
A continuous source of alpha radiation 
from a radioactive surface, in the form 
of a long, narrow strip, ionizes the sur- 
rounding air up to a distance of 3 in. 
from the surface. Effectual removal 
of static electricity within this zone is 
said to be permanently assured in all 
applications, because the radioactive 
strength of the active element decreases 
only 50% in some 1600 years. 


RADIOACTIVE 

CARBON COMPOUNDS 

Eastman Kodak Co., Rochester 4, N. Y. 
The Synthetic Organic Research Lab- 
oratory has completed what it claims 
to be the first preparation of isotopic 
methyl iodide, a compound containing 
C in an improved form to facilitate 
cancer research. Following a method 
first used at the University of California 
for preparation of compounds contain- 
ing radioactive carbon, Kodak has 
produced C'* in a form which is said to 
save steps in synthesis. 


GEIGER TUBE 

Cyclotron Specialties Co., Moraga 11, 
Calif. The410-A Geiger tube is claimed 
to give the following efficiencies (with 
windows 1.2 to 1.4 mg/cm?, the recom- 
mended minimum thickness): for alpha 
particles from uranium, 25% of total 
disintegrations; for soft beta, such as 
from C™, Fe®® and S*, 36% of total 
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~ ual 
disintegrations. Designed also for use 
with hard beta and gamma radiations 
and for a satisfactory life of 10° counts, 
the tube, when shielded, reportedly 
has a background of approximately 1% 
in the Geiger- Miiller region. 


SCALE-OF-TWO 

Tracerlab, Inc., 55 Oliver St., Boston 
10, Mass. The Duoscale, an electronic 
scale-of-2 similar in some ways to the 
now well-known Higinbotham circuit, 
is in production and should be available 
shortly. It is a complete scale even 
to the diode coupling tube and is built 
into a small cast-aluminum housing. 














A standard Amphenol nine-prong tube- 
base plug is used as the only mounting 
support, as well as the means of making 


SOFT BETA COUNTER 
Radiation Counter Laboratories, 1451 
E. 57 St., Chicago 37, Ill. 


window 


The pressure- 
counter is 
manufacturer 


seal-type mica 
recommended by the 
especially for C'™ and S** and other 
soft beta emitters with maximum en- 
100-kev Each 


ergies in the range. 


lamination of the mica window is held 
by compression, and, because of the 
window thicknesses available (2.0-2.5 
and 2.5-3.0 mg/cm), it is claimed that 
the counter can detect alpha particles 
from all radioactive isotopes. 


DIAMONDS USED 
TO DETECT RADIATION 

Studies conducted by L. F. Curtiss of 
the National Bureau of Standards have 
shown that diamonds are highly sensi- 
tive to gamma rays and may be used to 
detect this radiation in the same way 
Geiger-Miiller counter. It has 


as a 
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been found that a diamond placed in a 
strong electric field initiates sharp elec- 
trical pulses when gamma radiation is 
absorbed, and, as with a Geiger counter, 
a count of pulses gives an indication of 
the intensity of the radiation. The 
diamond counter has not yet been 
tested for beta radiation, but it is ex- 
pected that a similar effect may be ob- 
served in this case. 

When a diamond is used as a counter, 
it is clamped between two small brass 
electrodes maintained at a difference 
in potential of about 1000 volts. When 
a source of gamma radiation is brought 
within range of the diamond, there 
occur across the electrodes pulses of 
current, which after amplification may 
be detected and counted on any suitable 
indicating device such as an oscillo- 
current meter, a set of ear- 
phones, or a loud speaker. In the 
apparatus assembled at the Bureau, 
primary amplification is effected with 
minimum original intensity 
through the use of a triode very close 
to the diamond in the circuit. The 
output from this tube is then applied 
to a two-stage amplifier, from which 
pulses of sufficient magnitude are 
obtained to operate the detector. 


scope, a 


loss of 


Action Caused by Structure 


The pulse-producing property of the 
diamond is thought to be a result of its 
highly symmetric crystalline structure, 
characterized by a very regular arrange- 
ment of carbon atoms with relatively 


large intervening spaces. According to 
this theory, when a photoelectron is 
emitted by a diamond atom as the result 
of the absorption of gamma radiation, 
the freed electron is accelerated through 
the interatomic space toward the posi- 
tive electrode. Within a very short 
distance it acquires such high velocity 
that other atoms along its path are 
ionized by collision with the release of 
additional electrons, which in turn are 
accelerated in the same direction. 
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This multiplication of charges repeats 
itself in rapid succession, producing a 
sudden avalanche of electrons equivalent 
to a small pulse of current. 

The larger the diamond the more 
would be involved in the 
sudden pulse that is counted. This 
means that the gamma-ray sensitivity 
of a diamond counter should be propor- 
tional to the size of the crystal. How- 
ever, adequate sensitivity is obtained 
with a comparatively small diamond. 
\pparently the diamond quickly re- 
covers from its ionized state, as the 
pulses registered are extremely sharp. 
The diamond counter is thus a very 


electrons 


“fast’’ counter, capable of indicating a 
much greater number of pulses per 
minute than is possible with the ordi- 
nary Geiger-Miiller counter. 


Used with Alpha Rays 

Similar principles have been utilized 
at the Bell Telephone Laboratories 
in experiments with alpha particles. 
Here, because of the poor penetration 
of this radiation, both electrodes were 
applied to the same crystal face, and 
the impinging particles were detected 
by the surface ionization they produced. 

While gamma rays may produce 
photoelectrons in other crystalline sub- 
stances such as sodium chloride, in 
most cases the crystal must be cooled 





Diamond clamped between electrodes 
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to a very low temperature to eliminate 
background noise, which may be due 
to continuous ionization of the lattice 
at ordinary temperatures. The dia- 
mond is the only material so far inves- 
tigated that performs satisfactorily at 
room temperature. 

Industrial diamonds used as counters 
must be colorless and absolutely free 
of flaws; about one diamond in forty 
meets these specifications. Apparently 
color in a crystal, such as a diamond, 
indicates a change in the relation of 
outer electrons to atomic nuclei. Such 
a condition might tend to inhibit the 
generation of the required electrical 
pulse. Obviously, a flaw in the dia- 
mond would impede a surge of electrons 
through the affected portion of the 
crystal. 

Diamonds tested in the Bureau’s 
laboratories have been found to have a 
sensitivity per unit volume equal to or 
greater than that of any counter con- 
structed by man. One of these dia- 
monds, measuring about 4 inch on 
each face, has approximately the same 
sensitivity for gamma radiation as a 
laboratory-constructed Geiger-Miiller 
counter of the usual type. Many dia- 
monds are larger and would thus be 
much more sensitive. 


Long Life of Counter 


The conventional radiation counter 
lasts from three months to two years, 
depending upon how much it is used. 
A diamond counter, on the other hand, 
is practically indestructible, although 
extremely long use might produce dis- 
coloration or flaws, with a corresponding 
loss in sensitivity. There is no ap- 
preciable cost difference between the 
diamond and an ordinary counter. 
However, one of the important ad- 
vantages of the diamond counter, in 
addition to sensitivity and long life, is 
its small size, permitting use inside the 
human body or in small openings in 
industrial equipment. 
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ADVISORY PANEL ENDORSES 
A.E.C. PATENT POLICY 


EDITOR’S NOTE: The following article 
was written by Robert Colborn of the 
Washington Bureau of NUCLEONICS. 


The patent 
Energy Act and the patent practice of 


policy of the Atomic 


the Atomic Energy Commission has 
received a thorough endorsement from 
the A.E.C.’s Patent Advisory Panel. 
The Panel, appointed to survey the 
patent A.E.C. in- 
herited from the Manhattan District, 
was made up of former patent com- 


William H. 


procedures which 


missioner Casper Ooms: 


Davis, chairman of the Commerce 
Dept.’s Patent Survey Committee; 
John A. Dienner, former president of 


the American Patent Law Associa- 
tion; and Hector M. Holmes, Boston 


attorney. 


Patent Policy Controversial 

Patent policy in atomic matters has 
been controversial ever since the end of 
the war. Over the protests of most 
industry voices, the Atomic Energy Act 
modifies and in part eliminates the 
patent system as it applies to atomic 
matters. The Panel, however, insists 
that this step was a natural consequence 
of the law’s poliey of putting atomic 
development—in its early stages at least 
—under complete government control. 

Under the Act, patents are wiped 
out so far as concerns production of 
as U?*> or 
atomic 


fissionable material such 
plutonium or production of 
weapons. Existing patents on devices 
useful solely for these purposes are 
canceled—and no new ones will be 


issued. Patents valid in other areas 


ean have no effect in these fields. 


As to nonmilitary applications of 
atomic energy, the law is designed to 
prevent patents from having any re- 
strictive effect. The A.E.C. may req- 
uisition any discovery or patent in this 
field. Alternatively, it may 
such a patent effected with a public 
interest and require that it be licensed 
royalty to anyone 
whose work is approved by the A.E.C. 


declare 


at a reasonable 


Compensation for Patent Loss 

To replace the incentive to invention 
normally provided by the patent sys- 
tem, the Act sets up a system of pay- 
ment by the Commission. Anyone 
whose patent is wiped out by the Act 
or is requisitioned by the A.E.C. is 
entitled to just compensation from the 
And in the future, any- 
one who makes a discovery in the area 


Commission. 


where patents are forbidden is to re- 
ceive fair payment from the A.E.C. 

As a practical matter, the panel re- 
port shows, the cancellation of existing 
patents has not caused the trouble that 
might have been expected. The vast 
majority of the 2,300 or so atomic 
patents applied for or issued has been 
government owned. Only some twenty 
seem likely to result in valid claims 

The reason for this is that, ever since 
the days when the atom project was 
handled by the Office of Scientific Re- 
search and Development, policy has 
been to keep the government in control. 
Neither O.S.R.D., Manhattan Dis- 
trict, nor the A.E.C. followed the 
normal military practice of permitting 
contractors to take patents on dis- 
coveries made in the course of govern- 
ment work. 

Basic atomic research contracts in- 
cluded a provision reserving all patent 
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rights to the government. About 60% 
of all contracts awarded were in this 
form, and they accounted for most of 
the patentable discoveries. 

Less basic work which might involve 
nventions useful in the contractor's 
ommercial business was covered by 
ontracts keeping the patent for the 
government but granting the contractor 
1 nonexclusive license for nonatomic 
ipplications. This type of deal might 
be used, say, if a firm specializing in 
oil diffusion plants were hired to develop 
a diffusion process for separating ura- 
nium isotopes. About 25% of the 
atom project contracts were in this 
torm. 

Even where the contract was for 
routine operation or for design of 
standard equipment—motor controls or 
the like—in the contractor’s regular 
line of business, the government kept 
the patents. But in such cases—some 
15% of the contracts—an exclusive 
license for non atomic use might be 
given the contractor. 

Only a negligible number of atom in- 
ventions have yet been made by people 
not under government contract. 


Few Claims Made 

Thus far, the A.F.C. hasn’t had to 
deal with any rush of claims—just the 
few canceled patents, plus a half-dozen 
or so valid-looking claims for awards 
based on new non-patentable dis- 
coveries. However, the Patent Panel 
recommends that the Commission get 
set with a system of compensation 
boards. 

The Panel strongly recommends that 
the Commission make the most sparing 
possible use of its power to compel 
licensing of patents on atomic applica- 
tions—so as to avoid upsetting normal 
business practices. Instead, A.E.C. 
should prefer its requisitioning powers 
or, better yet, should arrange informal 
settlement of any disputes over use of 
patents. 
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As long as the overwhelming bulk of 
atom work is done with government 
money, this last will be pretty easy, as 
is exemplified by one of the few cases 
the Commission has had to deal with 
to date. This involved a laboratory 
which had patented for atom research 
an instrument which was being made 
under license by a manufacturing firm. 
The inventor came to the A.E.C. in 
some distress, because the manufac- 
turer was arguing that the patent was 
invalid under the Atomic Energy Act. 

In this case, the A.E.C. could have 
recognized the manufacturer’s claim 
and compensated the inventor. But it 
turned out that the manufacturer was 
producing entirely for the A.E.C. ac- 
count. So the Commission was able 
to maintain at least the fiction of normal 
business relations by advising the 
manufacturer and the inventor to 
negotiate a fair royalty—and then 
accepting the royalty as a cost in its 
contract with the manufacturer. 


MELBOURNE UNIVERSITY ACTIVE 
IN NUCLEAR RESEARCH 

McGraw-Hill World News reports 
considerable activity by Melbourne 
University (Australia) in the field of 
nuclear research. 

The physics laboratory at Melbourne 
has completed investigations on the 
scattering of neutrons by protons, 
using a 200-kv neutron = generator. 
The studies, which were conducted with 
a Wilson cloud chamber, showed that 
the angular distribution of the scattered 
neutrons, in center-of-gravity coordin- 
ates, is isotropic. Observations are 
being extended to the scattering of 
neutrons by deuterons. 

A 1,000,000-volt Van de Graaff gen- 
erator has been built to extend the 
range of nuclear reactions available for 
study in the laboratory. Constructed 
of locally produced parts, this apparatus 
is the most powerful source of direct 
potential in Australia. The output is 
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to be applied to a 12-section, cascade 
acceleration tube for the production of 
1-Mev protons, and it is intended to 
use for the evaluation of 
disintegration energies 
energy levels. 

Further developments 
made in the field of electron accelera- 


this beam 
and nuclear 


have been 
tors. 
consistently yielded an X-ray output 
The 
energy spectrum of the X-rays emitted 
target 


The department’s betatron has 
of one gram-radium-equivalent. 


from a_ tungsten has been 
analyzed by means of a Wilson cloud 
chamber and the energy and intensity 
maxima observed at 2.8 and 1.0 million 
Advanced _ tech- 


niques are at present being employed 


volts, respectively. 
to raise the energy maximum to 4.5 
million volts. Experiments have also 
been made with an air-cored synchro- 
tron. Using a mag- 
netron oscillator, electrons have been 
first time by a 
magnetic resonance method. 


high-powered 
accelerated for the 


Nier 


type has been constructed for investi- 


A mass spectrograph of the 


gations on the measurement of atomic 
ion masses. One particular object is 
a survey of the sources of helium in an 


effort to discover the origin of He’. 


A. E. C. APPOINTS 
INDUSTRIAL ADVISORS 

To speed up industrial opportunities 
in the atomic energy field, including the 
development of atomic power plants, 
the U. S. Atomic Energy Commission 
has appointed a board of consultants 
which includes industrial leaders in a 
number of business fields. 

James W. Parker, 
general manager of the Detroit Edison 
Co., is to be chairman of the group. 
Other members include: O. E. Buckley, 
president, Bell Telephone Labora- 
tories, New York, N. Y.; Donald 
Carpenter, vice president, Remington 
Arms Co., Bridgeport, Conn.; Gustav 
Egloff, director of research, Universal Oil 
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president and 








The electron linear accelerator shown was 
developed recently by William W. Han- 


sen, professor of physics at Stanford 
University and director of the university’s 
Microwave Laboratory. A million watts 
of power in the form of microwaves are fed 
into the accelerating tube from a magne- 
tron, just out of the picture on the right. 
Electrons are generated by a vacuum tube 
within the protective screen at the rear 
and hurtle at speeds close to that of light 
along the accelerating tube, which is 
wound with white wire. The atom- 
smashing effect, which it is claimed will 
produce radiation similar to cosmic rays, 
comes from the increased weight given 
the electron by its tremendous speed. 
The vertical fin dissipates power at the 
terminus of the tube 





Co., Chicago, Ill.; Paul Foote, executive 
vice president, Gulf Research and 
Development Co., Pittsburgh, Pa.; 
Robert G. Wilson, chairman of the 
board, Standard Oil Co. of Indiana, 
Chicago, Ill.; and Walker Cisler, chief 
engineer of power plant, Detroit Edison 
Co., who will serve as executive secre- 
tary to the group. 

All members of the board (to which 
additions will be made) will be cleared 
by the A.E.C. for access to secret data 
for their deliberations and 
recommendations. David E. Lilien- 
thal, chairman of the A.E.C., said that 
the industrial leaders would make a 
survey of the A.E.C.’s activities in the 
field of power development, including 
research work at the A.E.C.’s facilities. 


necessary 
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This includes the program for the new 
Knolls Atomic Power Laboratory, now 
under construction at Schenectady, 
New York, to be operated by General 
Electric, and the power studies now 
going on at the Clinton Laboratories at 
Oak Ridge, where more than a score of 
industrial and engineering firms are 
working on atomic power problems. 


BUREAU OF STANDARDS 
FORMS ATOMIC PHYSICS GROUP 


The National Bureau of Standards 
has formed a division of atomic physics 
in which the main Bureau activities 
relating to atomic and _ molecular 
physics have been grouped together. 

The functions of the new division are 
the promotion of fundamental fact- 
finding research and the precise deter- 
mination of important fundamental 
standards in the field of atomic physics. 
This research will be applied to the 
establishment of primary and second- 
standards of reference as, for 
example, calibrated sources of radia- 
tion or meters for dosage, and to the 
calibration of instruments used in 
atomic physics studies. 

It is also responsible for the develop- 
ment of protective and safety codes for 
the reduction of physical hazards 
arising from new applications of physics 
and for the study of materials and 
equipment for the protection of the 
interests of the Government as a large 


ary 


consumer. 

Six sections make up the new divi- 
sion: spectroscopy, electronics, mass 
radioactivity, X-rays, 
and atomic power. 


spectrometry, 


G. E. TO AWARD 
SCIENCE FELLOWSHIPS 

The General Electric Company has 
announced that it is now accepting 
fellowship applications for the scho- 
lastic year, 1948-1949. Intended to 
give aid to college and university 
graduates who wish to undertake or 
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continue research work in scientifie and 
industrial fields, these grants are being 


made for the 24th consecutive year 
under the $1,000,000 G. E. Educational 
Fund. 


The fellowships are being awarded in 
all scientific and industrial fields and 
will be for the amount needed up to a 
maximum of $1,500 annually for each 
individual. A grant of $500 will be 
made for specific apparatus or other 
expense in connection with the research 
work. In addition, in case of need, 
loans up to $1,000 can be obtained. 

Applications must be filed by Jan. 1, 
1948, and may be obtained either from 
A. D. Marshall, secretary, G. E. Educa- 
tional Fund, Schenectady, N. Y., or 
from the libraries and electrical and 
mechanical engineering departments of 
engineering schools, professors of phys- 
chemistry and metallurgy, and 
deans of graduate schools. 


ics, 


UNIVERSITY OF CHICAGO 
TO OPERATE CLINTON LABS 

Operation of Clinton Laboratories at 
Oak Ridge, Tenn., is scheduled to be 
taken over completely by the Univer- 
sity of Chicago by Dec. 31. Renamed 
the Clinton National Laboratory, it 
will become the third A.E.C. national 
laboratory after its transfer from the 
Monsanto Chemical Co. 

Among the major projects planned by 
Clinton are the “design and construc- 
tion of a new, high-flux reactor several 
times more powerful than the existing 
Oak Ridge pile” and the “continuation 
of engineering studies for the develop- 
ment of components of reactors for the 
production of useful power.”’ 


NUCLEAR NEWSMAKERS 


David A. Katcher, formerly of the 
Naval Ordnance Laboratory in Wash- 
ington, D. C., has been appointed edi- 
tor of a semi-popular, monthly physics 
magazine to be published early next 
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year by the American Institute of 
Physics. 


Turner A. Sims, recently executive 
officer to the Assistant Secretary of War 
for Air, has been named general man- 
ager of the Fairchild Engine and Air- 
plane Corp. N.E.P.A. (Nuclear Energy 
for Propulsion of Aircraft) project at 
Oak Ridge, Tenn. 


R. S. Neblett, manager for the past two 
years of the Federal and Marine Divi- 
sions, General Electric Co., has been 
named administrator of the company’s 
nucleonics project, which consists of 
work on atomic energy for the U. S. 
Atomic Energy Commission. TheG. E. 
Nucleonics Committee, which has ad- 
ministered the company’s activities 
in this field for the past year consists 
of H. A. Winne, vice-president in 
charge of engineering policy, chairman; 
Zay Jeffries, vice-president and general 
manager of the Chemical Department; 
C. G. Suits, vice-president and director 
of research; and D. C. Prince, vice- 
president in charge of the general 
engineering and consulting laboratory. 


Nathan Birnbaum, after five years’ ser- 
vice with the U. S. Army Chemical 
Corps, has returned to the Department 
of Chemistry of the City College of New 
York. He will, however, continue as 
consultant to the Research and Engi- 
neering Division of the Chemical Corps. 


Charles C. Price, head of Notre Dame’s 
Department of Chemistry, is in Eng- 
land to visit the Imperial Chemical 
Industries at Manchester and to lecture 
at Oxford, Cambridge, and other uni- 
versities in both England and Scotland. 


William H. Hollis has been appointed 
senior safety engineer at the Los Alamos 
Scientific Laboratory. He plans to 
conduct basic research there’ in 
accident causation and industrial safety 


education. 
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Morse Salisbury, former Director of 
Information for the U. S. Department 
of Agriculture and present Assistant 
Secretary-General of the International 
Emergency Food Council, has been 
appointed Director of Public and 
Technical Information for the Atomic 
Energy Commission. 


George Sachs of the Case School of 
Applied Science in Cleveland, Ohio, 
has been selected for the directorship 
of the National Metallurgical Labora- 
tory which is being established on the 
site of the Tata Iron and Steel Works 
in Jamshedpur, India. 


C. V. Raman of the Indian Institute of 
Science at Bangalore will direct physical 
and chemical investigations of the 
minerals of India under a $90,000 
government grant. 


MEETINGS 


American Physical Society—Houston, Tex., 
Nov. 28-29 

American Mathematical Society—429th Meet- 
ing, Washington University, St. Louis, Mo., 
Nov. 28-29; 54th Annual Meeting, Univer- 
sity of Georgia, Athens, Ga., Dec. 29-31 

Radiological Society of North America—33rd 
Annual Meeting, Hotel Statler, Boston, Mass., 
Nov. 30—Dee. 5 

American Society of Mechanical Engineers— 
Annual Meeting, Atlantic City, N. J., Dec. 
1-5 

Exposition of Chemical Industries—Grand 
Central Palace, New York, N. Y., Dec. 1-6 

American Association for the Advancement of 
Science—Chicago, I1)., Dec. 26-31 

American Physical Society—Chicago, Ill, Dec. 
29-31 

American Institute of Electrical Engineers— 
Winter General Meeting, William Penn 
Hotel, Pittsburgh, Pa., Jan. 26-30, 1948 

Electrochemical Society—Columbus, O., April 
14-17, 1948 

American Chemical Society—113th Annual 
Meeting, Chicago, Ill., April 19-23, 1948 

American Association of Petroleum Geologists 
—Denver, Col., April 26-29, 1948 

American Society of Medical Technologists— 
St. Paul, Minn., June 7-9, 1948 

Institute of Radio Engineers—6th Annual Elec- 
tron Tube Conference, Cornell University, 
Ithaca, N. Y., June 28, 29, 1948 
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CHEMICAL PUBLICATIONS 


Fifty years of atomic research, S. C. 
Lind (Univ. of Minnesota), Chem. Eng. 
Vews 25, 2495-2499 (1947). The de- 
atomic research from 
the discovery of X-rays to nuclear 
fission constitute the subject of this 


velopments in 


Remsen Memorial Lecture. 


Rare earths separation developed on 
Manhattan project, W. C. Johnson, L. 
L. Quill, F. Daniels, Chem. Eng. News 
26, 2494 (1947). A coordinated account 
is given of the experimental programs 
which led to the successful separation 
of the rare earths. The adsorption of 
uranium fission products by synthetic 
organic exchange resins, in particular 
\Amberlite IR-1 and IR-4 resins, and the 
differential elution of these ions by 
chemical reagents under controlled con- 
ditions were discovered early in the 
Project program. G. E. Boyd and asso- 
ciates contributed to the basic principles 
of the method. 

The separation of fission products 
such as zirconium, columbium, cerium 
and other rare earths, yttrium, barium, 
strontium, tellurium and iodine, was 
accomplished by W. E. Cohn and asso- 
exchange methods. 
Initial experiments were on a tracer 


ciates using ion 
seale, but the separations were later 
milligram and = several- 
milligram quantities. F. H. Spedding 
and collaborators succeeded in separat- 
ing several of the rare earths from each 
other in gram quantities and in very 
high purity. 


extended to 


The naming of element 61, R. F. Gould, 
Chem. Eng. News 26, 2555-2556 (1947). 
A review of the claims and counter- 
claims of discovery of element 61, and 
of the names proposed for this element. 
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The concentration of stable isotopes by 
the electromagnetic method, ©. P. 
Keim, Chem. Eng. News 26, 2624-2625 
(1947). 


stable isotopes have been concentrated 


To date 26 elements and 111 


by means of the mass spectrometer. _ It 
is likely that 40 to 50 elements which 
have a total of at least 180 stable iso- 
topes can be separated. The process 
consists of many steps: A charge material 
must be selected which gives sufficient 
vapor pressure at the operating tem- 
perature of the source; the best operat- 
ing characteristics of this material must 
be determined; a receiver which will 
retain the collected isotopes must be 
constructed ; the collected isotopes must 
be removed from the receivers and puri- 
fied chemically; an accurate isotopic 
analysis should be made of the final 
products. A table is given of represent- 
ative stable isotopes which have ;been 
concentrated. 


A comparison of the abundance ratios 
of the isotopes of terrestrial and of 
meteoritic iron, G. FE. Valley, H. H. 
Anderson, J. Am. Chem. Soc. 69, 1871- 
1875 (1947). 
restrial and meteoritic iron were puri- 


Various samples of ter- 


fied, and their isotopic composition was 
measured with a 
The abundance 


mass spectrometer. 
ratios obtained from 
both varieties agreed within the experi- 
mental error, indicating that they are 
identical. The mean percentages of 
Fe*‘, Fe®*, Fe®’, and Fe®* are 5.81, 91.75, 
2.15, and 0.29, respectively. 
values give a mean mass number of 
55.911 and an atomic weight of 55.856 
for iron. Details are given of the spec- 
trometer ion source which is of special 
design. 


These 


Enrichment of C'* and O'* by a counter- 
current gaseous exchange process using 
thermal diffusion, T. I. Taylor, R. B. 
Bernstein, J. Am. Chem. Soc. 69, 2076 
(1947). The exchange reaction CO 
+ C80, = C"O + CO, was used to 
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obtain an enrichment of both C™ and 
O'8 in a unique process employing both 
thermal diffusion and isotopic exchange. 
The system consists of a water-cooled 
column containing a hot (approx. 700- 
800° C) platinum or nichrome wire, a 
20-liter reservoir of CO. connected to 
the top of the column, and a hot zine 
converter and a thermal conductivity 
cell at the bottom. The hot wire pro- 
duces thermal diffusion and acts as a 
catalytic surface for the exchange. 

The column was operated at total 
reflux by recirculating the CO, through 
the converter. Thermal conductivity 
measurements showed that essentially 
complete conversion to CO took place. 
CO rising up the column from the con- 
verter undergoes isotopic exchange with 
the descending COs, exchange favoring 
the transfer of C“ and Oto COs. The 
introduction of a small amount of water 
at the bottom of the column results in 
a higher enrichment, by virtue of the 
catalytic effect of the water. 

Enrichments were measured with a 
Nier mass spectrometer, and a table of 
results is given. In one experiment, 
using platinum wire and water as a 
catalyst, in 1.2 days a 14% enrichment 
of C'’ was obtained, and in 2.2 days an 
enrichment of 23.5% of C™ and 18.0% 
of O'8 was effected. 


The isotope distribution program, Iso- 
topes Branch, U. S. Atomic Energy 
Commission, Science 106, 175-179 
(1947). A summary report of the over- 
all developments and accomplishments 
of the isotope distribution program. 


Elementary isotopic analysis: deter- 
mination of nitrogen, A. D. Kirshen- 
baum, S. G. Hindin, A. V. Grosse, 
Nature 160, 187 (1947). Typical hetero- 
cyclic and nitro compounds, which are 
analyzed with difficulty by the standard 
Kjeldahl method, were analyzed with 
a mean deviation from the theoretical 





of 0.4% of the nitrogen content. A 
known weight of substance a was 
burned (at 750° C) simultaneously with 
a known weight b of pure N!°H; in a 
quartz tube, in the presence of an excess 
of CuO, Cu, and Pt wire, for 45-60 
minutes. The percentage of nitrogen x 
was calculated from the formula: 
x = 100b(m — n)/an, where m and n 
are, respectively, the initial and the 
final percentage excess of N* in the 
ammonia and nitrogen as determined 
by a mass spectrograph. 


Application of the cathode ray oscil- 
lograph to measurements of short 
life-periods of radioactive sources, 
S. Rowlands, Nature 160, 191 (1947). 
A pulse from one Geiger-Miiller counter 
starts a single sweep on an oscillograph, 
and the output from a second counter is 
applied to the vertical plates. If these 
pulses are due to radiations from a 
single radioactive source of short life, 
then the observed distribution of the 
pulses on the screen enable an estimate 
of the half-life of the source to be made. 
This method has been applied to the 
transformation: radium C = radium 


Cc’ “, radium D, and the half-life of 
radium C’ was found to be 140 microsec. 
Although this method is not as accurate 
as that claimed for coincidence methods, 
it may possibly be used for measuring 
much shorter periods. 


Adsorption isotherm of a photographic 
emulsion for uranyl and lead ions, 
E. Broda, Nature 160, 231-232 (1947). 
Ilford Concentrated Half-Tone Plates 
were immersed in solutions of uranyl 
and lead ions of various concentrations. 
The track count of the plates was deter- 
mined and plotted as a function of 
concentration and time of immersion. 
Knowledge of the adsorption isotherms 
will assist in the analysis by track count 
methods of traces of a-ray emitters. 


. I. W. RUDERMAN 
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LIFE SCIENCE PUBLICATIONS 

The rate of post-transfusion loss of 
nonviable stored human erythrocytes 
and the reutilization of hemoglobin- 
derived radioactive iron, J. Gibson, II, 
W. Peacock, R. Evans, T. Sack, J. Aub, 
J. Clin. Invest. 25, 739-746 (1947). 
lhe removal of nonviable stored human 
erythrocytes from the bloodstream after 
transfusion is rapid. The removal rate 
varies inversely with the percentage 
survival of the transfused tagged cells. 
\t 80% survival or above, removal is 
complete in 24 hours. At any level, 
the majority of the nonviable cells are 
removed within 2 hours after trans- 
It is believed that 70% reten- 
tion of all transfused cells is the lowest 
safe survival level. Iron given intra- 
venously as hemoglobin in nonviable 
cells is utilized 20 times as efficiently 


fusion. 


as iron administered orally. 


The preservation of erythrocytes left 
over from plasma preparation, M. Stru- 
mia, A. Blake, Jr., W. Wicks, J. Clin. 
Invest. 26, 672-677 (1947). Optimal 
preservation of 7 days, with a maximum 
of 15 days, was obtained by addition of 
globin in 4% concentration to an iso- 
tonic solution of dextrose-citrate. 


The post-transfusion survival of pre- 
served human erythrocytes stored as 
whole blood or in resuspension, after 
removal of plasma, by means of two 
isotopes of radioactive iron, J. Gibson, 
II, R. Evans, J. Aub, T. Sack, W. Pea- 
cock, J. Clin. Invest. 26, 715-738 (1947). 
Determinations were made of the post- 
transfusion survival of preserved human 
erythrocytes stored for varying periods 
of time under refrigeration, using the 
radioactive iron technique. Ten elec- 
trolyte solutions for resuspension of 
centrifuged cells, two electrolyte re- 
suspension fluids to which human serum 
protein fractions were added and eleven 
preservative solutions for whole blood 
were studied. The longest period of 
time under refrigeration at which cells 
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could be transfused was determined for 
all solutions by observing the rate of 
red-cell deterioration during storage. 
Essential conditions for prolonged pres- 
ervation are given. Whole blood was 
found to be preserved up to 70% via- 
bility for at least 21 days in acid-citrate, 
and at least 15 days in DeGowin’s, 
Alsever’s, and McGill solutions. 


The preservations of whole blood, 
M. Strumia, A. Blake, Jr., W. Wicks, 
J. Clin. Invest. 25, 667-671 (1947). 
Whole blood was found to be preserved 
best by a sodium citrate citric-acid 
solution. Optimal preservation could 
be secured for at least 22 days. 

The in vitro preservation and post- 
transfusion survival of stored blood, J. 
Ross, C. Finch, W. Peacock, M. 
Sammons, J. Clin. Invest. 25, 687-703 
(1947). The effectiveness of a number 
of techniques and of 16 solutions in the 
preservation of whole blood and of 
erythrocytes separated from plasma are 
evaluated using the radioactively tagged 
erythrocyte method. The best pre- 
servative found was an acid citrate- 
dextrose solution. Whole blood drawn 
into this solution maintained satisfac- 
tory transfusion properties for a storage 
period of 21 days. Erythrocytes sepa- 
rated from plasma also maintained 
satisfactory transfusion properties in 
this solution for a storage period of 21 
days. Experiments indicate that con- 
stant refrigeration during the entire 
storage period is necessary. 


The measurement of post-transfusion 
survival of preserved stored human 
erythrocytes by means of two isotopes 
of radioactive iron, J. Gibson II, J. Aub, 
R. Evans, W. Peacock, J. Irvine, T. 
Sack, J. Clin. Invest. 25, 704-714 (1947). 
A method of measuring the post-trans- 
fusion survival of preserved stored 
human erythrocytes by the use of 2 
radioactive isotopes of iron is presented. 
Only the intact cells containing radio- 
active iron bound in the hemoglobin 
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molecule can be detected. The extent 
of the reutilization of iron derived 
from nonviable transfused stored cells 
in the formation of new hemoglobin can 
be measured. The destruction of the 
homologous cells of patients of groups 
A and B by high anti-A and anti-B titre 
donor bloods of group O is discussed. 


Lipides of the fasting mouse. III. 
Phospholipide to neutral fat relation- 
ship in the blood lipides, H. Hodge, P. 
MacLachlan, W. Bloor, EK. Welch, S. 
Kornberg, M. Falkenheim, J. Biol. 
Chem. 169, 707-711 (1947). Fasting 
mice received known amounts of P*? as 
NazHPO, in aqueous solution, 24 hours 
before sacrifice. Whole blood was 
analyzed for phospholipide and acetone- 
soluble lipide. A slight rise in total 
lipide for the first four days was noted, 
but on the fifth day there was a marked 
decrease. The blood phospholipide 
level increased during the first four days 
and fell sharply the fifth day. The 
per-cent P*? in the blood phospholipides 
increased the first two days, fell on the 
next two days and increased again on 
the fifth day. 


Studies in fetal metabolism, W. Gold- 
water, D. Stetten, J. Biol. Chem. 169, 
723-737 (1947). On the eighteenth day 
of gestation, pregnant rats were fed 
deuteriocholesterol and deuterio fatty 
acids. Corresponding deuterio com- 
pounds were isolated from the fetuses 
indicating that these compounds cross 
the placenta. The administration of 
D.0 to pregnant rats resulted in the 
rapid appearance of D in fetal glycogen, 
cholesterol and fatty acids at rates 
indicating their synthesis by the fetus. 
Incorporation rates indicate that the 
20-day-old fetus synthesizes half its 
glycogen in 12 to 18 hours, half of the 
fatty acids in about 1! days and half 
the cholesterol in about 2!9 days. 

A fall in fetal glycogen was noted 
after the injection of epinephrine in the 
pregnant rat suggesting that epineph- 
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rine crosses the placenta. Injection of 
insulin into a pregnant rat having D.O 
in its body water resulted in a slight 
increase of D incorporated into fetal 
glycogen, fatty acids and cholesterol 
This is attributed to the increased 
availability of small fragments derived 
from maternal glucose. 


The metabolism of acetylamino acids, 
K. Bloch, D. Rittenberg, J. Biol. Chem. 
169, 467-476 (1947). Deuterioacety! 
derivatives of a number of amino acids 
along with either p-aminobenzoic acid 
or a-amino-y-phenylbutyric acid were 
fed to rats. The excreted acetylated 
foreign amines were isolated and 
analyzed for isotope content. When 
equivalent quantities of deuterioacety!- 
glycine or deuterioacetate were fed, the 
isotope levels in the acetyl-p-amino- 
benzoic acid isolated was the same. 
When deuterioacetate was fed with 
a-amino-y-phenylbutyrie acid, the iso- 
tope level in the resulting acetylamino- 
phenylbutyrie acid was also the same. 
This is believed to indicate that hy- 
drolysis of acetylglycine is an inter- 
mediate step in the acetylation of 
p-aminobenzoic acid. However, when 
deuterioacetylglycine was fed with 
a-amino-y-phenylbutyric acid a much 
higher isotope level was found in the 
acetylated product. Also the isotope 
level did not increase proportionally 
with increasing isotope dosage as it did 
in the other cases. It is suggested that 
acetylation in this case involves direct 
transfer from acetylglycine to the 
foreign amine. The mechanism of 
acetylation appears to depend upon the 
nature of the amine. Deuterioacety] 
derivatives of two unnatural amino 
acids were metabolically inert. «-N- 
acetyl-L-lysine is a source of acetyl but 
apparently not by direct transfer. 

Determination of the relative activities 
of antithyroid compounds in men using 


radioactive iodine, M. Stanley, E. Ast- 
wood, Endocrinology, 41, 66-84 (1947). 
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\ new method for evaluating the po- 
tency of antithyroid compounds in 
normal human subjects is presented. 
The results of assay of 32 compounds 
are given. The values in many cases 
differ considerably from those obtained 
There is much 
the results 


by previous methods. 
closer agreement between 
from this method and those obtained 
It was found that 
2-mereaptoimidazole was 10 times as 
which 


from clinical trials. 


effective as thiouracil 
adopted as the standard. 


was 


The demonstration of the oxidation in 
vivo of the methyl group of methionine, 
C. Mackenzie, J. Chandler, E. Keller, 
J. Rachele, N. Cross, D. Melville, V. du 
Vigneaud, J. Biol. Chem. 169, 757-758 
1947). A rat was given L-methionine 
containing C' in the methyl group by 
stomach tube. Expired CO, was col- 
lected and precipitated at intervals as 
BaCO; for radioactivity determinations. 
Oxidation of the labile-methy] group in 
methionine to COs occurred as early as 
the first hour and at the end of 52 hours 
31.4% of the administered C™ was ac- 
counted for in this manner. During 
14.6% of the C'* was 
excreted in the urine. The rat was 
sacrificed at 52 hours and the tissues 
examined for radioactivity. High con- 
centrations of C™ were found in the 
kidneys, liver and adrenals, followed 
by intestines, pancreas, testes, blood, 
skin, in the order 
named. 


this period 


muscle and brain 


Tellurium. IV. Excretion and distribu- 
tion in tissues studied with a radioactive 
isotope, R. DeMeio, F. Henriques, Jr., 
J. Biol. Chem. 169, 609-623 (1947). A 
method of preparation and separation 
of radioactive tellurium is presented. 
The determination of radioactive Te 
and the modifications necessitated by 
the experiment are described. Rabbits 
were injected with 500 y of tellurium 
per kilo of body weight as sodium 
tellurite. Very little Te was excreted 
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through the respiratory tract during the 
first 24 hours. Examination of the 
tissues revealed the largest concentra- 
tion of Te in the kidneys, followed by 
the heart, lung and spleen. Lower con- 
centrations were found in the liver and 
skeletal of all in 
encephalic matter. Bile and urine had 
ten times the concentration of Te that 
blood had. Similar results were ob- 
tained with rats for the first 24-hour 
period. 


muscle and lowest 


Female dogs were injected intra- 
venously with 100 y of radioactive Te 
per kilo of body weight. Renal excre- 
tion was highest during the first hour 
and declined sharply thereafter. About 
one-fifth of the total Te injected was 
much 
smaller fraction was excreted after oral 
administration at the end of 6 days. 


excreted in 5 to 6 days. A 


Metabolic connection between proline 
and glycine in the amino acid utilization 
of torulopsis utilis, G. Ehrensvird, 
EK. Sperber, E. Saluste, L. Reio, R. 
Stjernholm, J. Biol. Chem. 169, 759-760 
(1947). pi-Alanine and glycine con- 
taining C'* in the carboxyl groups were 
given to torulopsis yeast. After 2 hours 
the yeast was hydrolyzed and various 
amino acids were isolated and analyzed 
for C'* in the carboxyl group. A table 
is given showing the results obtained. 
Peptide synthesis in vivo, F. Friedberg, 
T. Winnich, D. Greenberg, J. Biol. 
Chem. 169, 763-764 (1947). It was 
found that the injection of glycine con- 
taining C™ in the carboxyl group and 
ordinary leucine into rats resulted in 
the formation of leucylglycine contain- 
ing C4. 

Use of radioactive iodine as a tracer in 
the study of the physiology of teeth, 
H. Bartelstone, I. Mandel, E. Oshry, 
S. Seidlin, Science 106, 132-133 (1947). 
Cats were injected intraperitoneally 
with I'*! in the form of Nal in physio- 
logic saline solution. After 12 hours, 
blood samples were taken for radio- 
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active iodine determination, the cats 
were sacrificed and the teeth removed 
intact. Median longitudinal plano- 
parallel sections of the teeth were pre- 
pared by grinding under oil on abrasive 
wheels to a thickness of 100—-150,. 
Radioautographs were made and com- 
pared with photomicrographs taken of 
the same sections. 

Radioactive iodine was found present 
in the enamel, dentine and cementum. 
The pulp was lost during grinding and 
so the pulpal area was clear in all 
figures. The presence of radioactive 
iodine in the teeth is an indication that 
a dynamic fluid medium exists in the cal- 
cified tissues. At present the method 
can be applied to human dental studies 
only in cases where individuals are 
receiving large doses of radioactive 
iodine for treatment of thyroid disorders. 


Synthesis of glutathione in isolated 
liver, K. Bloch, H. Anker, J. Biol. 
Chem. 169, 765-766 (1947). Liver slices 
were incubated with glycine and with 
acetylglycine, both containing N'®. 
Isolated liver glutathione contained N'® 
in about equal quantities for glycine 
and acetylglycine. 


Phosphate exchange as the mechanism 
for adsorption of the radioactive isotope 
by the calcified tissues, M. Falkenheim, 
W. Neuman, H. Hodge, J. Biol. Chem. 
169, 713-722 (1947). A theory is pro- 
posed explaining the rapid and consider- 
able deposition of P* in calcified tissues. 
Samples of bone were treated with solu- 
tions of NaHPO, containing radiophos- 
phorus. The solutions were stirred for 
varying periods and then centrifuged 
and decanted. The solid and liquid 
portions were analyzed for total phos- 
phate and radioactivity. 

Adsorption of radiophosphorus was 
rapid at first which was attributed to 
exchange reactions occurring on those 
surfaces rapidly available to phosphate 
in the solution. It is assumed that the 


adsorption of P*? involves a diffusion 
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process. P*? adsorbed plotted against 
the square root of time approximates 
linearity which supports the assump- 
tion. Bone samples were treated with 
radioactive phosphate solutions as de- 
scribed and then treated with solutions 
of normal phosphate for a set period of 
time to allow desorption to take place. 
It was found that those bone samples 
which had had longer treatment with 
radioactive phosphate solution lost less 
of their radiophosphorus for a given 
period of desorption than the bone 
samples having shorter periods of treat- 
ment. This is taken as additional con- 
firmation for the assumption since, in 
those samples having longer treatment, 
the radioactive phosphate had more 
time to diffuse into less accessible areas. 

It is proposed that only the surfaces 
of the microscopic crystals present in 
bone phosphate take part in the ex- 
change reaction. The surfaces of these 
crystals contain roughly one fifth of the 
total phosphate which means that only 
one fifth of the total bone phosphate 
may take part in the exchange reaction. 


Radioactive testosterone, R. Turner, 
Science 106, 248 (1947). A preparation 
of 3-testosterone is reported. Testos- 


terone benzoate is ozonized giving the 
keto acid which is treated with acetic 
anhydride and acetyl! chloride resulting 
in the formation of the corresponding 
enol-lactone. The enol-lactone is con- 
densed with phenyl acetate containing 
C'4 in the carboxyl group yielding an 
oil which is treated directly with a 
methanolic solution of sodium hydrox- 
ide. The product, 3-radiotestosterone, 
is isolated by chromatographic separa- 
tion on alumina. The yield was 48% 
based on the enol-lactone. The pro- 
duct had an activity of 1.45 x 104 
counts per min per mmole. 

Histological localization of radioactive 
elements, J. Gross, C. Leblond, Can. 
Med. Assoc. J. 67, 102-122 (1947). A 
comprehensive review of the applica- 
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tions of radioactive elements in making 
radioautographs. The mechanism in- 
volved in the formation of radioauto- 
graphs is described at length with 
particular emphasis on the reactions 
that take place within the photographic 
emulsion. The specific uses to which 
the various elements have been put are 
enumerated. Included are 83 auto- 
graphs and corresponding section photo- 
graphs. Particularly well represented 
are radiophosphorus and radio-iodine. 
Fifty-two references are cited. 


. BERNARD KANNER 





PHYSICAL PUBLICATIONS 

Mass spectroscope for analysis in the 
low mass range, W. Siri, Rev. Sci. Instr., 
18, 540-545 (1947). By sacrificing a 
certain degree of resolution and limit- 
ing measurements to the range of masses 
below 65 so far as best results are con- 
cerned, it was made possible to con- 
struct a mass spectroscope of simplified 
construction and design, easily operated 
and read. By using a linear a-c sweep 
superimposed on the d-c ion accelerating 
voltage, the various masses can be de- 
tected on an oscillograph screen, along 
with their relative amounts. Standard 
a-c techniques in amplification may be 
used to keep the ratio of pulse height 
to partial pressure of the element in the 
chamber constant. 

The instrument has been successfully 
applied to biological research involving 
stable isotopes and gas mixtures of 
changing component concentrations, as 
well as fixed liquid, solid, and gaseous 
samples. Satisfactory mass resolution 
of one unit is obtained up to mass 65, 
and accuracies of 2-5% in mass ratios 
obtained. 

Electronics for cosmic-ray experiments, 
B. Howland, C. Schroeder, J. Shipman, 
Rev. Sci. Instr., 18, 551-556, (1947). 
The use of diodes as coincidence tubes so 
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as to give the maximum amount of in- 
formation is described. The circuit is 
such that a diode can operate alone for 
registering certain counts and simultane- 
ously in parallel with other tubes to reg- 
ister coincidences (or anticoincidences). 


Metaborate compounds for internal 
cyclotron targets, A. Weil, A. Reid, 
J. R. Dunning, Rev. Sci. Instr., 18, 
556-558 (1947). To produce radio- 
active sodium (Na**) the reaction used 
is Na*(djp)Na**. Targets of pure 
sodium deteriorate during bombard- 
ment. Therefore, the use of targets of 
NaBO; is indicated because of its high 
melting point and good heat conduc- 
tivity. The theoretical efficiency is 
only 32% of that of a pure Na target 
because of the reduced atomic concen- 
tration of sodium, but this is more than 
compensated by the stable cyclotron 
operation and increased target stability. 
Other reactions in which metaborates 
are useful are described. 


On the origin of the soft component of 
cosmic radiation, W. Heitler, S. Power, 
Phys. Rev., 72, 266-272 (1947). To 
explain the presence of the soft compo- 
nent of cosmic radiation as a result of 
incident protons, a ‘“‘mixed meson 
theory” is used. According to this, 
the high-energy protons produce both 
pseudoscalar and transverse mesons on 
entering the atmosphere; the former 
are responsible for the penetrating com- 
ponent and are the mesons observed at 
sea level, the latter for producing the 
soft component through rapid beta de- 
cay. The resulting electrons cascade. 


Decay scheme of Sb'*4, W. Meyerhof, 
G. Scharff-Goldhaber, Phys. Rev., 72, 
273-275, (1947). Investigation of B-y 
and y-y coincidences by means of 
Geiger counters establishes that the 
2.4-Mev beta ray is followed by the 
emission of one gamma, while the 0.7- 
Mev beta is followed by two gammas. 
The beta energies were measured by 
absorption and the gamma energies by 
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the recoil of Compton-effect electrons. 
The results are explained by a tentative 
decay scheme of four levels, with beta 
decay possible from the first to either 
the second or third, and with decay 
to the ground state (Te!**) following 
with the emission of either one or two 
gammas. 


Multiple scattering of electrons in 
the gas of a Wilson cloud chamber, 
L. Smith, P. Kruger, Phys. Rev., 72, 
357-359 (1947). In order to determine 
cloud chamber evidence for the exist- 
ence of a new low mass particle which 
decays at rest, it was necessary to deter- 
mine the effect of multiple scattering 
in the gas of the chamber. Turbulent 
motion of the gas affects the determi- 
nation of electron energy. The result 
of measuring the distance between the 
midpoint of the track and the line con- 
necting its endpoints agrees with the 
results of the theory of multiple scatter- 
ing so far as the electron energy is 
known, no turbulence effects being 
noted. 


Cloud chamber search for a low mass 
particle, Kruger, Smith, Phys Rev., 72, 
360-361, (1947). Decay of a light 
neutral particle at rest into an electron- 
positron pair had been reported ob- 
served in a cloud chamber. This event 
would appear as a pair of collinear 
tracks, whose point of origin would be 
known only approximately, and whose 
curvature in a magnetic field would 
increase after having passed through 
the aluminum foils of the chamber. 
Though such anomalous tracks were 
observed when the chamber was air- 
filled, none were observed in hydrogen. 
It is therefore concluded that the curva- 
ture variations are due to multiple 
scattering. 

On the slow neutron absorption reso- 
nances in iodine, W. Jones, Phys. Rev. 
72, 362-377, (1947). This article de- 
scribes the time-of-flight slow neutron 
velocity spectrometer of Cornell Uni- 
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versity, and evaluates the results ob- 
tained for the cross section of iodine 
from 0.0026 to 1000 ev. The resonance 
at 20.3 ev is evaluated with respect to 
the constants in the Breit-Wigner 
formula. The failure of the attempt to 
fit the transmission curves in the region 
from 25-50 ev by a single resonance, or 
two resonances of about the same width, 
leads to the conclusion that there are at 
least three resonances in this region. 
The concept of the activity of a level is 
introduced and this quantity evaluated 
for the various levels. 


Energy levels in the nucleus Mn’, 
A. Martin, Phys. Rev., 72, 378-383 
(1947). The energy distribution of the 
protons from the Mn* (d,p)Mn** has 
been studied to obtain the energy 
levels in Mn**, Several discrete proton 
groups were observed, and the mass of 
the Mn*® nucleus calculated from the 
most-energetic group’s Q value. 
Radioactive isotopes of Mo and Tec, J. 
Edwards, M. Pool, Phys. Rev., 72, 384— 
389 (1947). Study of the X-rays asso- 
ciated with the products of 4.3-day Te 
allows their identification with Mo 
X-rays and thus assigns the activity to 
K-capture decay of Tc. Various 
other activities of the two elements 
including a 67-hour activity of Mo, 
were also investigated. The radio- 
active isotopes were produced by the 
reactions Mo(d,p), Mo(n,y), Mo(n,2n), 
Zr(a,n). The usual method of plotting 
the logarithm of intensity versus time 
was used to separate the activities of 
different periods. 

The capture of negative mesotrons in 
matter, E. Fermi, E. Teller, Phys. Rev., 
72, 399-410 (1947). <A detailed theo- 
retical investigation of how negative 
mesotrons are slowed down and finally 
captured in nuclei. The time required 
is divided into three parts: first, the 
time required to slow down to a velocity 
equal to that of the valence electrons 
(mesotron energy 2000 ev); second, a 
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process in which the mesotron is cap- 
tured in a Bohr orbit surrounding the 
nucleus (radius about 10~'* em); finally, 
. nuclear interaction in which the meso- 
tron is captured by collisions with the 
The total time required 
aries from 10~° see (gas) to 10-" 
condensed matter); in any case it is 
small compared with the natural life- 
time of the mesotron. In compounds, 
the absorption in various nuclei is pro- 
portional to their respective atomic 


ucleons. 


° sec 


numbers. 


Spin dependence of scattering of slow 
neutrons by Be, Al, and Bi, E. Fermi, 
L. Marshall, Phys. Rev., 72, 408-410 
1947). The spin dependence of the 
scattering length can be determined by 
measurements on the scattering cross 
sections. The incoherent scattering 
provides most of the residual scattering 
at the critical wave length, and this 
permits a rough determination of the 
ratio of the scattering lengths for the 
two opposite spin orientations. 
The y-instability of mesons, R. Finkel- 
stein, Phys. Rev., 72, 415-422 (1947). 
Calculations are made of the lifetimes 
of various processes involving the decay 
of mesons (charged and neutral, pseudo- 
scalar and vector) into a number of 
gamma rays, or into another meson and 
agamma. The results are complicated 
by the fact that almost all of the cal- 
logarthmic diver- 
gences. The processes and lifetimes 
are: Mo—y7i+ 72, 107% see.; Mi 
>y¥i +72 +73, 2X 107" sec.; Mi 
>Mo + y, 107" sec.; M,+ — Mot + 7, 
4 x 107" sec. My and M; are pseudo- 
scalar and vector mesons respectively, 
with superscripts indicating charge, and 
have the masses and coupling constants 
of the Schwinger theory. 


culations involve 


The y-radiation of Na*‘ and the energy- 
level scheme of Mg**, M. Weidenbeck, 
Phys. Rev., 72, 429-430 (1947). The 
two alternative energy level schemes for 
the decay of Na*‘ by emission of a beta 
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ray followed by several gammas are 
tested by noting the ratios of y-y and 
B-y coincidences to the total number of 
betas and of one of the gammas. A 
further check is provided by the 6-y- 
coincidence rate as a function of ab- 
sorber thickness. The scheme adopted 
is one in which there are two alternative 
paths, each consisting of two separate 
y-rays. 


Theory of slowing down of neutrons by 
elastic collisions with atomic nuclei, R. 
Marshak, Revs. Mod. Phys., 19, 185-238 
(1947). A giving in 
detail the theory of the slowing down of 
neutrons in media of heavy and light 
atomic without assuming that 
energy is lost in fixed amounts. The 
following assumptions are made: in- 
elastic scattering absent (neutron en- 


review article, 


mass, 


ergy lower than the lowest excited state 
of the colliding nucleus), spherical sym- 
metry of scattering in the center of mass 
system (energy low enough so that p 
wave is absent), and chemical binding 
effects small (energy of neutron large 
compared with energy of vibration fre- 
quency due to bond). In 
“ases where these conditions are not met, 


chemical 


they can be corrected for approximately. 

The energy distribution of the slowed- 
down calculated for the 
stationary state, with and without cap- 
ture, and for the time-dependent cases 
in hydrogen and heavy elements. 
Their spatial distribution is also cal- 
culated for single elements and mixtures 
as moderators. Applications are possi- 
ble in the case of slowing down of 
cosmic-ray neutrons in the atmosphere, 
in pile design, and in the shielding of 
high energy accelerators from neutron 
radiation. 


neutrons is 


Semi-empirical theory of the nuclear 
energy surface, .. Feenberg, Revs. Mod. 
Phys., 19, 239-258 (1947). A critical 
analysis of a simple formula based on 
the assumption that the average density 
of nuclear matter in the nucleus is 
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(the volume of the 
nucleus is proportional to the number 
of particles). The formula gives the 
energy in terms of a volume energy, a 


nearly constant 


surface energy, a term dependent on the 
excess of neutrons over protons, an 
electrostatic energy term, and a term 
arising from the change in nuclear vol- 
ume influenced by Coulomb forces. 
The packing fraction curve is investi- 
gated to provide the best possible 
empirical constants for the formula. 
The compressibility coefficient, which 
expresses the dependence of volume 
energy on radius of the nucleus, is 
theoretically estimated (qualitatively). 
The ratio of surface to Coulomb energy 
from an analysis of nuclear fission is 
compared with that from the packing 
fraction curve, and the difference ac- 
counted for with an estimated 
pressibility coefficient. Theorems are 
derived on the value of atomic numbers 


com- 


for which certain masses first occur. 
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ELEMENTARY Nuc.Lear TuHeory, H. 
A. Bethe, John Wiley & Sons, Inc., 
New York, 1947, 147 p., $2.50. In 
this short course on selected topics, 
emphasis is placed on the problem of 
nuclear forces. Detailed review will 
appear in a future issue of NUCLEONICs. 

PrRINcIPLEs OF CuHemistry, J. H. 
Hildebrand, The Macmillan Co., New 
York, 1947, 5th Ed., 446 p., $4.25. A 
basic text brought up to date. 

Tue CHEMISTRY OF ORGANIC Com- 
pounps, J. B. Conant and A. H. Blatt, 
The Macmillan Co., New York, 1947, 
3rd Ed., 665 p., $5.00. Revision of the 
1939 edition, with a gradual intro- 
duction of the physiocochemical prob- 
lems underlying chemical equilibria. 
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